Saudi Agricultural Sector Model: Structure and Policy Applications by Duwais, Abdul-Aziz Mohammed
THE SAUDI AGRICULTURAL SECTOR 
MODEL: STRUCTURE AND 
POLICY APPLICATIONS 
By 
ABDUL-AZIZ MOHAMMED DUWAIS ,, 
Bachelor of Agricultural Science 
King Saud University 
Riyadh, Saudi Arabia· 
1978 
Master of Science 
Michigan State University 
East Lansing, Michigan 
1983 
Submitted to the Faculty of the 
Graduate College of the 
Oklahoma State University 
in partial fulfillment of 
the requirements for 
the Degree of 
DOCTOR OF PHILOSOPHY 
May, 1990 

In the name of Rl/ah the most merciful and the most beneficient 
THE SAUDI AGRICULTURAL SECTOR 
MODEL: STRUCTURE AND 
POLICY APPLICATIONS 
Thesis Approved: 
Dean of the Graduate College 
ii 
ACKNOWLEDGEMENT 
All praise is due to ALLAH the Almighty, and peace be upon His 
Messenger Mohammad. 
I wish to extend my profound gratitude and appreciation to my major 
advisor, Dr. Dean F. Schreiner, for his guidance, understanding, assistance, 
and encouragement in completing this research. I would like to express my 
deep sincere appreciation to him for his interest in developing an agricultural 
sector model for my beloved country, Saudi Arabia. I am indebted to him for the 
memorable days and long nights that we spent together in modeling the Saudi 
agricultural sector. I learned many important lessons from the constructive team 
work that we did. 
Appreciation is also expressed to the members of my committee, Dr. 
Francis Epplin, Dr. James Trapp, and Dr. Gerald Lage, for their suggestions, 
and recommendations which combined to appreciably improve the substance 
and form of this thesis. I am also thankful to Mr. Brent Tweeten for his 
assistance in computer work. To Mrs. Gloria Cook I offer my thanks for her 
concern and accurate typing. 
Special thanks are also extended to the college of Agriculture, King Saud 
university for giving me the opportunity to pursue my graduate study in the 
United States and for their generous financial support. I am grateful to my 
advisor in the Saudi Educational Mission in the U.S., Dr. Hussein Samawi for 
his sincere support and understanding. 
iii 
My deep thanks and appreciation are due to Dr. Khalid AI-Hamoudi, the 
Dean of Agriculture College, King Saud University, for whom I owe a great debt. 
His continuous brotherly advises and encouragement since my undergraduate 
program are unforgotten. 
There were a number of friends who -helped me tremendously with their 
academic and emotional support, among others: Dr. Saleh Tawi of King Saud 
University for his valuable comments and encouragement, Dr. Abdul-Ghani 
Mohamad, Dr. Mosaed Almasbahi, Dr. Hamad Battal, Mr. Ahmad Salah, Mr. 
Fouad Khalili and Mr. Abdul-Rahman AI Janobi for .their invaluable friendship 
and moral support. Special thanks are also extended to the Muslim Community 
at AI-Siddique Mosque in Stillwater. I learned valuable practical lessons there. 
I hold great memories of that peaceful environment. 
My heartfelt deep thanks are due to my beloved parents, Mohammed 
Duwais and Sarah Altalasi for their prayers, love, and supplications. A special 
note of gratitude is due to my courageous brothers and sisters for their patience 
and unfailing encouragement. I wish to repay some of the debt I owe my 
parents, brothers and sisters in my life. 
Last but not least, very special debt of gratitude and respect is expressed 
to my wife, Jawaher A. Muhaya for her tolerance, sacrifice, patience, and 
support during the period I have spent in my graduate study. Deep appreciation 
is also extended to my daughters, Noaf, Mayson and Mashael; whose special 
love and sacrifices sustained me in my· difficult times. They have brightened up 
my days, and been able to understand why father is preoccupied most of the 
time. 
I dedicate this dissertation to my father Mohammed Duwais, my mother 
Sarah Altalasi, and my brother Abdullah. 
iv 
TABLE OF CONTENTS 
Chapter Page 
I. INTRODUCTION............................................................................................ 1 
Problem Statement................................................................................... 2 
Hypothesis.................................................................................................. 4 
Objectives................................................................................................... 5 
Overview of Research Procedure........................................................... 5 
Thesis Organization.................................................................................. 5 
II. AN OVERVIEW OF THE AGRICULTURAL 
SECTOR IN SAUDI ARABIA. .......... ~........................................................ 7 
Agricultural Development Objectives.................................................... 8 
Agricultural Policies in the Last Decade............................................... 1 0 
Input Subsidies..................................................................................... 12 
Output Support Program..................................................................... 14 
Infrastructure and Institutional Development................................... 17 
Results of Agricultural Development Programs................................... 18 
Resources.............................................................................................. 18 
Irrigated area................................................................................... 18 
Capital Investment.......................................................................... 22 
Labor Employment......................................................................... 26 
Agricultural Production........................................................................ 29 
Wheat................................................................................................ 29 
Vegetables and Fruits.................................................................... 33 
Poultry............................................................................................... 34 
Dairy and Other Livestock............................................................. 36 
Productivity ............................................................................ '................. 37 
Structure of Traditional and Commercial Producers................ 37 
Yields................................................................................................ 39 
Farm Prices and Incomes........................................................................ 41 
Government Program Costs.................................................................... 44 
Ill. LITERATURE REVIEW.................................................................................. 48 
The Agricultural Sector· Approach.......................................................... 48 
Models for Market Equilibrium................................................................ 51 
System Simulation Models................................................................. 52 
Econometric Models............................................................................. 53 
v 
Chapter Page 
Mathematical Programming Models................................................. 54 
Agricultural Sector Programming Models............................................. 55 
Price Exogenous Models .................................................................... 55 
Price Endogenous Models.................................................................. 57 
Selected Agricultural Sector Models..................................................... 62 
The Dominican Republic Model......................................................... 62 
The Turkish Regional Agricultural Sector Model (TARP) .............. 65 
Conclusion.................................................................................................. 66 
IV. AGRICULTURAL SECTOR MODEL FOR SAUDI ARABIA..................... 69 
Introduction................................................................................................. 69 
Specifications of the Model ............. :....................................................... 71 
Objective Function................................................................................ 72 
Commodity, Balances ........................................ ~ ........... '....................... 72 
Input Balances ..................... '.................................................................. 73 
Resource Constraints .......... "................................................................. 73 
Export Limits ............................................................... :.......................... 7 4 
Government Budget Constraint.......................................................... 7 4 
Convexity Constraints.......................................................................... 74 
Non-negativity Constraints.~................................................................ 7 4 
Definition of Parameters...................................................................... 75 
Activities.................................................................................................. 75 
Data Components of the Model.............................................................. 76 
Land Use................................................................................................ 77 
Commodity Balances........................................................................... 80 
Domestic Commodity Production................................................ 80 
Domestic Demand ...... :................................................................... 85 
A Note on Price Eleasticity at the Farm Gate Level.................. 93 
Trade................................................................................................. 98 
Resource Use ........................................................................................ 101 
Labor ................................................................................................. 101 
Capital............................................................................................... 1 04 
V. DATA SPECIFICATION AND MODEL VA~IDATION 
Introduction .......... ' ....................................................................................... 105 
Aggregate Sector Control Totals ............................................................ 105 
Gross Revenue for Crop and Livestock............................................ 1 07 
Land and Water Rents ......................................................................... 11 0 
Labor Returns ........................................................................................ 11 0 
Fertilizer Purchases.............................................................................. 11 3 
Capital and Other Purchased Inputs ................................................. 113 
Activity Budgets.......................................................................................... 11 5 
Domestic Demand..................................................................................... 11 9 
vi 
Chapter Page 
Base Model. ................................................................................................ 122 
Results OfThe Base Model.................................................................. 126 
Comparative Results............................................................................ 129 
Base Year Model Validation.................................................................... 138 
VI. ANALYSIS OF WHEAT PRICE SUPPORT POLICY ................................ 146 
Introduction ................................................................................................. 146 
Results of Decreasing Wheat Price Support ........................................ 147 
Comparative Static Analysis............................................................... 14 7 
Justification of Wheat Price Adjustment Policy ................................ 148 
Wheat Price Support Policy Simulations ......................................... 148 
Simulation 1 ...................................................................................... 149 
Simulation II and 111 ......................................................................... 152 
Wheat Supply Response..................................................................... 154 
Welfare Analysis........................................................................................ 155 
VII. SUMMARY, CONCLUSIONS, AND POLICY IMPLICATIONS .............. 163 
Summary..................................................................................................... 163 
Problem Statement............................................................................... 163 
Objectives ............................... '................................................................ 165 
Procedure............................................................................................... 165 
Results .................................................................................................... 167 
Conclusions ................................................................................................ 171 
Policy Implications..................................................................................... 173 
Limitations of the Study............................................................................ 175 
Further Research....................................................................................... 176 
BIBLIOGRAPHY ......................................................................................................... 179 
vii 
LIST OF TABLES 
Table Page 
I. Agricultural Loans and Subsidies, Saudi Arabia........................... 15 
II. Land Distribution Scheme up to 1986, Saudi Arabia.................... 19 
Ill. Agricultural Sector Contribution to GOP at 
Current Prices, Saudi Arabia, 1975-1987 ................................. 25 
IV. Total Employment and Employment in Agriculture, 
Saudi Arabia, 1970-1985 ............................................................. 27 
V. Saudi Arabia Value of Food Production, 1976-1986 .................... 30 
VI. Saudi Arabia Agricultural Production by Commodity, 
1976-1986....................................................................................... 31 
VII. Number and Areq of Holdings by Size, 
Saudi Arabia, 1982 ........................................................................ 38 
VIII. Trends in Yields for Twelve Major Agricultural 
Commodities, Saudi Arabia, 197 4-1986 ................................... 40 
IX. Commodity Prices at the Producer Level, Saudi Arabia, 
1970-1981 SR Per Ton (Current Values).................................. 42 
X. Commodity Domestic Producer to C. I. F. Import 
Price Ratios, Saudi Arabia, 1985 U.S. $ Per Ton .............. ,...... 43 
XI. Government Program Costs for Agricultural Loans, 
Input Subsidies, and Wheat Output Price Supports, 
Saudi Arabia, From 1970 to 1987 (SR Million)......................... 45 
XII. Selected Price Endogenous Agricultural 
Sector Prog.ramming Models........................................................ 63 
XIII. Aggregate Effects of Phasing Out Fertilizer Subsidy 
in Turkey Using TARP.................................................................... 67 
XIV. Crop Area According to Farm Size, 1982, (Hectares)................... 78 
viii 
Table Page 
XV. Crop Area and Change in Crop Area by Specialized 
and Non-Specialized Farm Type (Hectares), 
1982-1985 ······················································································· 79 
XVI. Traditional Crop Area for the Base Year of 
1985 (Hectares).............................................................................. 81 
XVII. Commercial Crop Area for the Base Year of 
1985 (Hect!=lres) .............................................................................. 82 
XVIII. Adjusted Traditional and Commercial Crop Area 
for 1985 ............................................................................................ 83 
XIX. Crop Area, Production, and Yield by Farm Size, t982 ................. 84 
XX. Production and Yield Data by Non-Specialized 
and Specialized Farm Type, 1982.............................................. 86 
XXI. Area, Production, and Yield for Non-Specialized 
and Specialized Farms, 1985....................................................... 87 
XXII. Adjusted Crop Area, Production, and Yield by 
Traditional and Commercial' Farms, 1985 ................................. 88 
XXIII. Retail Price Elasticity, Retail Price, and Consumption 
of Selected Commodities in 1985, Saudi Arabia..................... 94 
XXIV. Farm Gate Prices, Ret?il Prices, and Marketing Margins 
for Tomato, 1973-1985.................................................................. 97 
XXV. Marketing Margins, Price Elasticities at Retail and 
XXVI. 
XXVII. 
XXVIII. 
XXIX. 
Farm Gate Levels, and Farm Gate Prices for 
Selected Commodities in Saudi Arabia, 1985 ......................... 99 
Import (C.I.F.) Price and Export (F.O.B.) Prices for Selected 
Agricultural Commodities, 1985, Saudi Arabia........................ 1 00 
Selected Commondity Balances for Saudi Arabia, 
1985, (Metric Tons)........................................................................ 1 02 
Agricultural Labor by Farm Size in Saudi Arabia, 
1981 and 1985................................................................................ 1 03 
Control Totals for the Saudi Agricultural Sector, 
1985 (Million SR)............................................................................ 1 06 
ix 
Table Page 
XXX. Estimated Gross Revenue From Crop Production in 
Saudi Arabia, 1985........................................................................ 1 08 
XXXI. Estimated Gross Revenue from Livestock Production 
in Saudi Arabia, 1985 .............. :.:~.................................................. 1 09 
XXXII. Distribution of Land and Water Rents, 
Saudi Arabia, 1985 .......... : ...................... : ... : .. :: ....... · ........... ,............ 111 
' ' 
XXXIII. Labor Returns oy Farm Size and tylajor Activity, · 
s·audi Arabia, 1985 ................ : ..................... : ....... ~......................... 112 
XXXIV. Purchased Fertilizer by Farm Siz.e, Saudi Arabia, 1985.·.............. 114 
XXXV. Activity Budgets· f'or Traditional Farms in . 
Riyals per Activity Unit, 1985 ........................................ ·................. 116 
XXXVI. Activity Bud,gets for Commercial Far11JS in Riyals 
per Activity Wnit, 1985 ................. :.................................................. 117 
XXXVII. Reconciled ActiviJy Budgets for Traditional Farms 
in Riyals Per Activity Unit, 1985 .................................................... 120 
XXXVIII. Reconciled Activity Budgets 'for Commercial 
Farms in Riyals per Activity Unit, 1985 .... :................................... 121 
XXXIX. Own Price Elasticities, Initial Prices, and Initial 
Quantities f9r Agri.cultural· Crop Commoditi~s 
for Saudi Arabia, 1985 .................................................................. 1 23 
XL. A Portion of the Initial Tableau of the Saudi Agricultural 
Sector Model (Base Solution)...................................................... 124 
XLI. Base Model Solution to the Saudi Agricultural . 
Sector Model ,with Comparisons to Bas~ Year, _ , 
_ D.ata, 1985 ........... : .................................... : ............ : ..... ~ .. :................ 127 
- ' ' 
XLII. Base Model Solution Compared to Combined 
Wheat Balance ...... :,........................................................................ 131 
XLIII. Base Model Solution Compared to Combined 
Fodder B'c:;~.lance ............................................ ,................................. 132 
XLIV. Base Model Solu·fion -Compared to Combined Wheat 
and Fodder Balances .................................................................... 1 34 
X 
Table Page 
XLV. Base Model Solution Compared to Combin~d Wheat 
and Fodder Balances and Fertilizer Buy Activity...................... 135 
XLVI. Base Model Solution Compared to Combined 
Wheat and Fodder Balances and Other 
Purchased Inputs Buy Activity ..................... :................................ 137 
XLVII. Base,Model Solution Compared to Combined Wheat and 
Fodder Balances and Fertilizer and Other Purchased 
Inputs Buy Activity ...................... '···················-'···············'·················· 1 39 
XLVIII. Validation of the Saudi Agricultural Sector tv1odel by 
Cultivated Crop Area in Hectares ........................... :._................... 141 
XLVIX. Validation ,of the' Saudi Agricultural 'sector Model by 
Production Levels in Thousand M.T. .......................................... 142 
L. Validation of the Saudi Agricutural Sector Model by 
Price in Saudi Riyal per M.T......................................................... 144 
Lt. Validation Measures for Selected Agricultural 
Sector' Models................................................................................. 145 
Lll. Saudi Agricultural Sector Model Simulation Results For 
Reduced Wheat Price Support .................................................... 1 50 
Llll. Welfare Analysis for Alternative Government 
Price Support -Levels on Wheat, 
1985, Saudi Arabia........................................................................ 159 
xi 
LIST OF FIGURES 
Figure Page 
1. The Demand Function and the Objective Function.............................. 92 
2. Supply Response for Wheat, Saudi Arabia, 1985.... ... .. .... ... ..... .. . ..... .. . 156 
3. Government Cost Under Different Assumptions _ 
of Excess Wheat.................................................................................... 160 
xii 
CHAPTER I 
INTRODUCTION 
Over the past decade, the agricultural sector of the Saudi Arabian 
economy has manifested a dynamic ability to satisfy much, if not all, of the 
Kingdom's food needs for the foreseeable future. 
The agricultural sector offers an opportunity as well as a challenge to 
Saudi Arabia. It offers an opportunity because agriculture has the potential for 
making a substantial contribution towards the diversification of the economy, 
providing employment to the rural population, and lowering dependence on 
foreign supplies for vital food commodities. It also offers a challenge because of 
the scarcity of water, harsh climate conditions, low soil fertility, sand 
encroachment, and shortage o'f skille,d and unskilled manpower. 
It has been and remains the policy of the government to attain economic 
objectives through encouraging, rather than supplanting the private sector. The 
private sector is encouraged to build upon the infrastructure put in place by the 
government public sector. As a result, agricultural private sector investment 
was substantial during the previous and the currer:1t five-year development 
plans from 1980 to 1990. The Saudi government has offered generous 
incentives for agricultural investment for many years, but it was only at the end 
of the 1970s that investors began to take advantage of these incentives on a 
very large scale. 
Parallel with the rapid rise in national income and population growth, 
there has been an increase in the demand for food stuffs. The food import bill 
1 
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during the 1970s and early 1980s increased dramatically reaching a level of 
$4.7 billion in 1983 and making the Kingdom the third largest food importer in 
the world. 
Food security and food self-sufficiency has become an important goal for 
policy makers since the late 1970s. Twenty billion dollars were allocated to the 
agricultural sector during the third development plan from 19E30-1985. The 
scale of spending put agriculture in the league of the biggest development 
programs since the 1973 oil era. 
A broad range of policies are used to pursue the agricultural goals 
including interest free loans, subsidies on agricultural inputs, and price supports 
on selected commodities such as wheat, barley, and dates. 
The results have been a successful transformation of desert dunes to 
fertile fields. Production of whe.at increased from 150 thousand tons in 1975 to 
2.5 million tons in 1987. Expansion in the production of wheat has been so 
successful that an excess of one million tons annually has been available for 
export. At the same time, the Kingdom ha~ become self-sufficient or nearly so in 
eggs, chicken, and milk. 
Problem Statement 
Large commercial farms characterize the present trend of wheat, dairy, 
and broiler far.ming in' Saudi Arabia. Saudi ,Arabia agriculture is very much a 
matter of big business rather than farming in the traditional sense. Most new 
investors are reaping large benefits from the subsidies and have had little past 
connections with land and farming. Large commercial farms dominate 
agricultural production and enjoy apparent economies of size over small farms. 
It was only recently recognized in the fourth development plan (1985-
1990) that the unconstrained expansion of output, namely wheat production 
3 
using modern technologies, has had significant negative effects through 
agricultural surpluses, rapid depletion of nonrenewable water resources, and 
skewed results in distribution of benefits. It became evident that the success 
arising from the structure of the incentives calls for a modification of that 
structure or otherwise distortions will arise in the economy with increasing long-
term social costs. An emerging issue in the new agricultural era is the desired 
balance between large scale modern farms and .the more. traditional indigenous 
sector of the agricultural and rural sector. Distribution of wealth and increasing 
the well being of traditional farmers is a major strategic goal of the development 
plans. However, because the incentives are based pn volume of production 
rather than on income, agricultural programs tend to benefit large farms over 
small farms. 
The dilemma of conflicting agricultural policy impacts for large versus 
small farms has been commonly experienced throughout the world. Kramer 
(1986) states that the U.S. farm program payments are frequently justified on 
the ground that they protect family farms or that they help financially stressed 
farmers. However, most benefits go to the larger wealthier farmers. The 
Canadian price-income support programs have resulted in a similar trend. 
Sprigg and Van Kooten (1988) state that one of the important problems arising 
when commodity-based subsidy programs are used to distribute national 
income to needy farm families is the tendency to confer greater benefits on 
larger production units because benefits are determined by size of output. 
Lloyd (1987) argues that in the light of the current low and unstable incomes of 
Australian and New Zealand farmers, government short term assistance should 
not include output-based subsidies that encourage overproduction and usually 
provide most assistance to those in least need. The emphasis instead should 
be placed on welfare type assistance for financially stressed farmers. 
4 
The remarkable achievements in the Saudi agriculture over the last 
decade were mainly through large scale high-tech farming. However, 
improving welfare of traditional farmers is the second main objective of the 
development plan next to food self-sufficiency. The issue can be reduced to two 
main questions: should small farms with limited efficiency be conserved and 
should farms using efficient capital intensive technology be encouraged? 
Hypothesis 
Considering past impressive development in the agricultural sector, the 
hypothesis to be examined can be narrowed to two premises: 
1. Self-sufficiency in wheat production can be attained within the 
currently available resources of irrigated land and fixed investments 
(e.g. machineries, irrigation equipment) but at lower government and 
social costs. 
2. The large farms are significant net gainers from current agricultural 
policies while the small farms are less well off because: a) large 
farms enjoy the advantages of current technology with the associated 
economies of size in producing and marketing their products over 
small farms and b) large farms are better able to finance the current 
high technologies such as wells as deep as 2,000 meters, capital 
intensive technologies of production, and management services 
needed for use of high technologies than are small farms. 
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Objectives 
The general objective of this study is to develop an economic framework 
to analyze the. impact of ~ifferent agricultural policies on the Saudi agricultural 
sector with reference to farm size .. Spec;:ific objectives of this study are to: 
1. develop an ag~icuJtural sector model for policy analysis, reflecting the 
unique features of the Saudi. agricultural sector; 
2. evaluate the current wheat price support policy for its distributional 
impact on .large versus small farms; and 
' -
3. propose modified agricultural pdlicies tci improv~ the welfare of the 
small farmers. 
Overview of Research Procedure 
To demonstrate operations of the agricu_ltural sector in Saudi Arabia, a 
mathematical programming model is developed to address and analyze 
selected programs and policies. The Saudi Agricultural Sector Model is a 
- ' r ' ' - ~ 
national model including six major commodity groups which represent the bulk 
of domestic production. Resources included are land, labor, and capital. 
Farmers are divided into two groups, commercial (large farms) and traditional 
(small farms). After validating the model for the base year (1985), different 
simulations are made for selected policies and their ·impacts on different farm 
sizes are discussed. 
Thesis Organization 
The remainder of this study is divided into six chapters. Chapter II 
contains a description of the change in agricultural structure over the lasf 
6 
decade. The literature review of related studies pertaining to this research are 
presented in Chapter Ill. In Chapter IV, the study will address the theoretical 
development of the Saudi Agricultural Sector Model. 
Chapter V discusses the data, analysis, and results of the sector model 
for the base period. Simulation analyses of different policy instruments and 
their policy implications are presented and discussed in Chapter VI. Finally, 
Chapter VII contains the summary and policy conclusions of the study. 
CHAPTER II 
AN OVERVIEW OF THE AGRICULTURAL 
SECTOR IN SAUDI ARABIA 
By the early 1980s, agriculture i'n the Kingdom had entered a period of 
unprecedented growth, following a pattern first s~en in other sectors of the' 
economy. Rapid expansion in agriculture did not begin until 1979, whereas, by 
that time the country's industry and infrastructure already had 1 0 years of 
intense development. During the decade 1963-1973, _a small but steady 
expansion had taken place in the cultivated area, with mode'rate emphasis on 
mechanizing small farms. Then came a period of rapid growth in total cultivated 
area and the expansion of wheat production where the- area in wheat jumped 
' ' ' 
from 67 thousand hectares ·to ·600 thousand hectares between 1979 and 1986. 
' -
The agricultural dynamiC' expahsion was the result of a deliberate policy 
strategy launched by the Sa:udi government. The strategy included the 
following programs: 1) the Ministry of Agriculture and Water increased the size 
of land plots for free distribution; 2) the government increased the subsidy for 
' ' 
wheat production: and 3) the Saudi Arabian Ag-ricultural Bank made available 
large blocks of funds necessary to finance such development. 
As a result of these prog'rams. the Saudi agricultural sector has been one 
of the fastest growing economic sectors in the world. According to the United 
States Department of Agriculture statistics (USDA, 1988), the annual compound 
growth- rate of agricultural production in Saudi Arabia from 1977-1986 was 16.9 
percent, the highest level in the world. Not only wheat but other commodities 
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have experienced dramatic increases in output and changes in the structure of 
production. The emergence of factory-style production units for poultry and 
eggs, large integrated meat and dairy farms, and greenhouses for vegetables 
over the last decade are part of the new agricultural era. 
Major changes in agricultural production, however, have brought about 
new policy concerns including high government cost, over production of wheat, 
rapidly depleting groundwater supplies, and apparent benefits absorbed in 
major part by large farms. Ritchie (1986), among others, has identified the high 
government costs and the rapidly depleting 'natural groundwater supplies. 
A comprehensive overview. of the Saudi agricultural policies and 
performance of the agricultural sector over the last decade is presented in this 
chapter. The overview presents the agricultural input, output, and infrastructural 
policies. The performance of the agricultural sector is presented as a 
discussion of key background information and the associated structural 
changes in use of resources (irrigated area, capital investment, and labor) and 
growth in production of major commodities; 
Agricultural Development Objectives 
Until the mid-sixties, with a smaller and more frugal population, Saudi 
Arabia was able to produce about half of its food requirements. Food imports 
started rising just after the oil revenue boom of 1973. The food import bill 
increased ten fold from $300 million to $3 billion between 1973 and 1979. The 
food import bill jumped to its hig~est level of .$6 billion in 1982. Food imports 
increased to 75 percent of national demand mainly due to increases in national 
income and population including a relatively large guest labor force in the 
vicinity of 3 million expatriates. The annual average food import bill of $5 billion 
during the mid 1980s ranked the country among the largest food importing 
9 
countries in the world. The political vulnerability of food security became a 
policy priority at this time (Gardner, 1988). 
Diversifying the economic base and reducing dependency on oil was 
another strategic objective of the economy. Bringing wealth to the outlaying 
provinces and reduCing ttw drift of people away from the land and to the cities 
were further important goals of the decision makers. 
The first three 5-year Development Plans (1970-1985) show government 
policy goals for the agricultural sector of (1) increasing domestic food 
production, and hence lowering food imports and (2) developing the rural 
areas. However, emphasis over the period changed from one of rapid 
development of physical infrastructure to that of increasing the role of the private 
sector in increasing production but with a continuing government policy role of 
providing incentives. 
The Fourth Development Plan (1985-1990) is more cost conscious 
emphasizing efficiency and improved productivity of resource use. The three 
major objectives of the. plan provide an overall framework for agricultural 
development and are to: 
1) achieve a satisfactory rate of _increase in farm output at minimum 
cost by encouraging innovations which exploit the possibilities for 
technical change most appropriate. to the Kingdom's natural 
resource endowments; 
2) achieve a broadly bas~d improvem~nt in the welfare of the rural 
population; and 
3) increase the productive and marketing efficiency of agricultural 
I 
producers and to attract private capital investment into agriculture 
through the provision of loans on easy credit terms. 
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By the 1984 wheat harvest, the country had achieved wheat self-
sufficiency of one million tons for the first time in contemporary history. The 
output went beyond self-sufficiency though with a released 300 thousand tons 
for export. The Saudi government incentives for increased wheat production 
were not intended to produce a surplus for export, the subsidies were to provide 
incentives until they were no longer needed for self-sufficiency (Wallace, 1985). 
- Bowen-Jones (1986) argues that project costs in many sectors in the Gulf 
countries were relatively high by international standards because of the need to 
move fast, and time has its own price. Ritchie (1987) noted that, agricultural 
policy will continue the support programs indefinitely, (but) will be progressively 
modified to suit the needs of the planned continuing development of the agri-
industrial base. Saudi Arabia is building on this established base with the 
(purpose) of further improving its agricultural production and (preparation for) 
the next stage of industrializing the food processing sector. 
Agricultural Policies in the Last Decade 
The Saudi Government has a long history of support to agriculture. The 
vast income from oil revenues is distributed to the Saudi populace through a 
comprehensive system of subsidized goods and services, controlled prices, and 
interest free loans. 
The government has allocated massive resources to subsidize the 
agricultural sector. The results have been impressive when judged by any 
standard. In doing so, the. Kingdom has also inherited some of modern 
agriculture's most persistent problems: increasing agricultural surpluses (e.g. 
wheat and eggs), a growing grain storage problem (e.g. wheat), and an 
increasing financial drain on the national budget (Gardner and Parker, 1988). 
1 1 
Humaidan (1980) argued that essentially the agricultural subsidies are 
transfer payments disbursed by the government to farmers to elicit a specific 
response from them. Such payments are intended to enable farmers to enjoy 
the fruits of the economi~ boom generated by gains in petroleum revenue and 
to reduce the overall average cost of food production. 
Equity considerations, however, are now becoming more apparent. AI-
Hamoudi (1984) states that the Saudi agricultural policies, due to lack of 
information for better planning, are often in the-form of blanket policies applied 
to all farmers of t~e country regardless of individual differences. However, 
individual farm diffE;lrences in terms: of soil, weather, farm size, and labor 
availability are prominent. Under such circumstances, the use of policies that 
don't take these differences into account inevitably lead to undue waste of 
scarce resources. 
Humaidan (1980) considered the programs as a partial fulfillment ofthe 
' ' ' government's pledge to achieve a reasonable balance between the economic 
and social rewards available from food production and associated activities in 
rural communities, and those available from other forms of economic endeavors 
in urban areas. Joffe (1985) conCil:Jded that a large part of the domestic 
traditional rural agricultural labor force have not benefited from the agricultural 
growth because of the dependence on capital intensive technologies and guest 
I ' \ ' 
labor expertise. The ,traditional l~bor force- will be increasingly excluded 
through its inability to invest and its lack of appropriate skills. Gurdon (1985) 
said that Saudi Ar~bia is another example of -a Middle East country which 
concentrated on large .scale, capital intensive dairy and poultry projects, mainly 
-
at the expense of the traditional sector. In other words, the programs-have led 
to the encouragement of large scale projects rather than expansion by settled 
farmers. 
12 
The government has used a variety of policy tools to achieve its 
objectives. It is possible to group the policies into two major categories. The 
first is a series of price policies which include input subsidies, interest free 
loans, and output support prices. In the second category are what might be 
called "infrastructural" policies such as research for technological change, 
retention dams for irrigation, and agricultural extension services. 
Input Subsidies 
The Saudi government's incentives to invest in the agricultural sector are 
attractive. The Saudi Arabian Agricultural Bank (SAAB) offers interest free 
loans for 80 percent of the cost of a project up to $1.5 million and 60 percent for 
projects up to $6 million. · Fertilizers and. animal feed are eligible for 50 percent 
cost subsidies and selected farm equipment subsidies equal 30 to 50 percent of 
cost. The air-freight for·importing cattle is paid by the government. The full list 
of input subsidies and loans are provided as follow: 
1. .Land acguisition. Land is free upon approval of the project from the 
Ministry of Agriculture and Water (MOAW). 
2. Poultry eguipment. Subsidies are granted for 30 percent of the c.i.f. 
price or 20 percent if the project is benefiting from a loan from the 
Saudi Arabian Agricultural Bank (SAAB). Subsidies are given only 
on MOAW tested and approved equipment brands. 
3. D..airy, eguipment. The same subsidy terms apply as for poultry. 
4. Agricultural machinery .and. eguipment. Subsidies of 50 percent of 
c.i.f. price of engines and pumps and 40 percent for other equipment 
such as ploughs are paid by (SAAB). 
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5. Agricultural loans. Loans are available from SAAB for investment 
and working capital. Loans may be given for land reclamation; 
equipment purchase; and the cost of seed, fertilizers, and drilling 
wells. Most loans are for 1 0 years. Repayment of land reclamation 
loans is spread over a longer period. Loans may be up to $6 million 
and/or 50 percent of the project cost. All loans are interest free. 
There is a two year grace period before repayment starts. Most 
loans are given according to fixed rates per item. For.example, a set 
amount is loaned per cow for dairy projects. 
6. Agro-industrial ~- Loans are for investment capital covering up 
to 50 percent of costs and are provided by the Saudi Industrial 
Development Fund (SIDF). 
7. Transport Qf milk~- The SAAB pays all air-freight for milking 
cows provided there are at least 50 cows in a consignment. 
8. .5..e..e..d. potatoes. The MOAW pays all costs (c.i.f.) for 5 tons of seed 
potatoes. It then gives a subsidy of $267 per ton up to 15 tons. 
9. .[late. palms. The MOAW gives a subsidy of $13 per tree if at least 
30 tress are planted. 
1 0 Chemical fertilizers. The MOAW gives a subsidy of 50 percent of the 
c.i.f. price provided the merchant importer/seller abides by the 
MOAW stipulated price. 
11. Pesticides. The MOAW gives 100 percent subsidy. 
12. Anjmal1e..ad.s.. The SAAB gives 50 percent subsidies on cost. 
The goal of increasing agricultural production was expected to be met by 
these programs which reduce input costs for farmers and encourage use of 
improved inputs. 
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Total loans increased from SR145 million in 1974/75 to eight times that 
amount in 1979/80 and peaked at SR4,166 million in 1982/83. Subsidies 
increased from SR46 million in _1974/75 to SR436 million in 1979/80 and 
peaked at SR1 ,378 million in 1984/85. Both loans and subsidies have 
gradually lowered since the peak period (Table 1). 
Output Support Program 
If a farmer produces grains or dates he benefits significantly from 
production subsides. Most of the subsidies are paid to the producer on a fixed 
rate per ton basis. 
The highly visible centerpiece of the Saudi agricultural policy program 
was the guaranteed wheat procurement price of SR3.5 per kilogram ($1 000 per 
metric ton). Once self-sufficiency was attai,ned in the 1984 season, the support 
price was lowered to SR2 per kilogram ($550 per ton or $15 a bushel). 
Although this still guarantees a wide margin over the world price, wheat 
growing in Saudi Arabia is costly. 
The government issued a barley support price policy in September, 1986 
instructing the state owned Grain Silos and Flour Mills Organization (GSFMO) 
to buy barley from farmers at the heavily subsidized price of SR1 per kilogram 
($267 per ton or $4.80 per ~ushel). The government decision was to reduce the 
wheat surplus by encouraging farmers, especially major companies, to allocate 
more land for barley instead of wheat and to lower imports of barley which had 
' < 
TABLE I 
AGRICULTURAL LOANS AND SUBSIDIES, SAUDI ARABIA 
(SR*, MilliQn~) 
OLoans 
1974/75 145 
1975/76 269 
1976/77 490 
1977/78 586-
1978/79 709 
1979/80 1127-
1980/81 2551 
1981/82 2933 
1982/83 4166 
1983/84 3496 
1984/85 2322 
1985/86 1551 
1986/87 1019 
1987/88 . 841 
Source: Saudi Arabian Monetary Agency Annual Reports. 
* U.S. $1 = S.R. 3.62 
Subsidies 
46 
134 
182 
237 
348 
436 
616 
979 
1321 
1023 
1378 
994 
405 
265 
15 
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increased to 5 million tons annually and made the country one of the world's 
largest importers. 
The driving force behind the Saudi demand for barley is the expanding 
livestock projects. It is believed that poultry consumes about one-third of the 
barley and dairy about one-fourth. The remaining amount is used for sheep 
and goats in the grazing areas (Parker, 1987). 
Dates buying price of $800 per ton was introduced in 1983 for dates 
delivered to the processing factory. This policy was effective in increasing 
incomes of the bulk of the traditional farmers (Field 1985). 
Rice, maize, sorghum, and millet are all included in the grain support 
program but at relatively low levels of $80, $67, $40, and $40 per ton, 
respectively. 
Output price support programs have proven to be useful in increasing 
production throughout the world. Price support policies are more efficient 
instruments to increase production than input subsidy policies. Based on 
parameter and elasticity results for rice policy in Bangladesh, Nehring (1985) 
concluded that a 10 percent increase in output price will generate a 4. 7 percent 
increase in output. By contrast a 10 percent decrease in the price of fertilizer 
would generate only a 0.6 percent increase in output. Tolley et. al (1983) noted 
that the effectiveness of a price support policy depends, among other things, on 
the price elasticity of output supply. The higher the supply elasticity, the greater 
the output response obtained from a given price support. 
Output price support programs have been reportedly generating higher 
producer welfare than input subsidies, however, they promote output in 
commercial farms while small farms are less fortunate (FAO, 1987; Nehring, 
1985). 
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Infrastructure and Institutional Development 
Symbolic of the importance government attaches to agricultural 
development is the number of agencies involved. The agricultural policies and , 
programs in Saudi Arabia are implemented and coordinated by three 
governmental institutions: The Ministry of Agriculturs and Water (MOAW), the 
Saudi Arabian Agricultural Bank (SAAB),_ and the Grain Silos and Flour Mills 
Organization (GSFMO). 
A primary gove·rnment agency implementing agricultural policy is the 
Ministry of Agriculture and Water. It's wid,e ranging responsibilities are 
incorporated into seven broad programs: physical infrastructure, production, 
land development, agricultural services, economic studies, agricultural 
research, extension support, and training. 
The SAAB is the main government channel for disbursing agricultural 
loans and input subsidies. The bank was established in 1 ~64 and offers short, 
medium, and long term interest free loans. 
The Grain Silos and Flour Mills Organization is in charge of 
administering the price support programs, including but not limited to wheat and 
barley procurement. It is a state owned authority with the main purposes of 
attaining a national bufferstock of grains and providing processed feed for the 
livestock farmers. , 
Saudi Arabia followed what Barker and Hayami (1976) called short and 
long run approaches of attaining self-sufficiency. The long run approach is 
through improvement in physical and institutional infrastructure such as 
irrigation and research and extension systems. However, because such 
programs require large investments and long gestation periods, there is always 
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a temptation for governments to adopt shorter run policies such as supporting 
product prices and subsidizing inputs. 
Extensive agricultural research, training, and extension programs 
coincidentally with water development projects have adjoined the direct 
financial support to the farmers. Linking production areas with marketing 
centers through an extended road network allows vegetable producers to 
efficiently market their crop where the best prices are paid. The construction of 
dams across valleys to utilize rain water for irrigation was greatly expanded in 
the 1980s. Only 16 dams were in place in 1975, but by 1985 the number of 
dams rose to 180. 
The public and private grain storage capacity has increased to 3.25 
million tons, a level never attained previously in the Kingdom (U. S. Department 
of Commerce, 1987). 
Results of Agricultural Development Programs 
Resources 
Irrigated Area. The cultivated land holding area correlates with the trend 
of agricultural development. It increased from 150 thousand hectares in the mid 
1970s to about 2.5 million hectares in 1986. The proven arable land of the 
Kingdom is reported to be 4.5 million hectares out of a total area for the country 
of 220 million hectares. 
The government continues to distribute fallow lands to individuals and 
agricultural companies for cultivation and setting up agro-based projects. The 
total cumulative area and beneficiaries since 1975 is presented in Table II. 
Average size of land parcel distributed varies by category of beneficiary. Up to 
TABLE II 
LAND DISTRIBUTION SCHEME UP TO 1986, SAUDI ARABIA 
Year 
1975 
1981 
1986 
No. of Beneficiaries 
(Cumulative) 
6,400 
21,000 
51' 134 
Source: Saudi Arabian Monetary Agency Reports. 
Area (Hectares) 
(Cumulative) 
40,000 
138,000 
905,302 
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1986 the land distribution by category was as follow: land received by 
individuals averaged 6 hectares, owners of agro-based projects averaged 108 
hectares, and land received by companies averaged 21 ,000 hectares. 
The current policy reflects the MOAW's emphasis to encourage large-
scale projects. The strategy also considers water conservation. According to 
MOAW policy, distribution of small plots to individuals is discouraged in favor of 
large scale projects because it reportedly reduces the number of wells drilled 
and enables the use of equipment such as center pivot sprinklers which are 
water saving (MOAW, 1984a). 
The average size holding was 7 hectares in 1974 and increased to 10 
hectares in 1982 based on two major surveys conducted by the MOAW. This 
indicates a general structure of small farm size. However, it also reflects the 
weight of the bulk of traditional small farms located in the southwest and eastern 
regions. On the other hand, most modern new wheat farms range in size from 
400 to 1 000 hectares. 
Land grants are a method of distributing wealth within a country. The 
virgin land distribution policy places all public land under the supervision of the 
Department of Land Utilization, Ministry of Agriculture and Water. The land is 
distributed to potential investors after feasibility studies are conducted. 
Historically, the cultivated areas of Saudi Arabia were developed where 
water was plentiful. Rainfall varies from the relatively well-watered terraces of 
the southwest (250-500 millimeters per year) to the almost waterless sand of the 
Empty Quarter. 
The Ministry of Agriculture and Water, with assistance of an international 
consultant firm, undertook a major geological survey which identified the 
principal aquifers, both renewable and fossil (MOAW, 1984b). Most modern 
agricultural development has taken place in areas of traditional farming which 
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for centuries has drawn on nine principal aquifers. These aquifers have been 
described as forming a "fertile crescent" from Tabouk in the n~rthwest through 
the mairt agricultural areas of Hail, Qasim, Rayadh, AI Kharj, and on down to 
Wadi AI Dawasir. The· most important is' the AI Saq aquifer, especially in the 
eastern part of Qasjm province where much of the wheat development has 
taken place. An<?ther major aquifer is Umm Radmah, particularly important to 
the traditional date gardens of AI Hasa in the eastern region (Searight, 1986). 
' , 
A major uncertainty in the Saudi farming is the water resource. Reports 
of falling water tables have been common in the 1980s. Agriculture claims the 
. , , 
major share of water consumption, accounting for 83 percent or 7.4 billion cubic 
meters in 1987. Underground water r~?sources are the main source of water 
supply. Non-renewable aquifers provide 73 percent of current water supply and 
' ' J ' r 
the total proven reserves 'is estimated at 500 billion cubic meters. The 
remaining supply comes .from surface water, renewable underground water, 
and desalination projects for civil use (SAMA, 1987). 
Pivot sprinklers co~tribut~ to the extensive mining of the aquifers in 
Saudi Arabia. The estimated water extraction rate ranges from 1200 to 2000 
gallons per minute (Barker, 1982; Hassan, 1984). .Reports of falling water 
tables are numerous. Farmers near Hail in 'the north found that their water table 
fell by more than 10 meters in a season. In AI Kharje Oasis near Riyadh, an 
' ' , 
integrated dairy farm complex has experienced a, 4 meter drop in their water 
~ I I 0 ' > 
table. Farmers in AI Dawaser in the south-central region have added one meter 
to their tube depth (Field, 1985). 
Irrigation techniques have concentrated on center pivot sprinklers. Some 
projects have drilled up -to 50 wells from an easily accessible aquifer to feed a 
system of center pivot sprinklers. An 84 meter long irrigation arm rotates on 
large electrically-driven wheels once every 24 hours. The water sprays onto 50 
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hectare circles of wheat or alfalfa. The longest of these arms observed is 500 
meters and can be used to evenly disburse dissolved fertilizers and 
insecticides. The number of central pivot units increased from 2700 in 1982 to 
14,000 units in 1985, ranking Saudi Arabia as the largest market for sprinklers 
in the world. The center pivots serve more than 90 percent of the irrigated area 
in the country (Nimah, et al., 1985b). 
Expansion in the number of central pivot systems has been justified 
because of their labor and water efficiency. One sprinkler system can be 
operated by one man to irrigate 50 hectares that used to be irrigated by 30 
laborers in the traditional surface irrigation technique. However, the 
unconstrained extraction of underground water calls for the search of a more 
water saving technology such as the drip irrigation technique and/or the 
enforcement of regulations to limit water pumping. 
Capital Investment. Investment in agriculture accelerated in the 1980s, 
and wheat was the primary commodity target. For private businessmen, 
agriculture has been one of the most profitable sectors in the last 10 years. 
Real estate development, contracting, and manufacturing of building materials 
were other sectors attracting investor capital in the 1970s. 
As a result of the generous support provided to agriculture and to those 
interested in agricultural production, a considerable number of investors have 
invested their own capital in agricultural projects. Two types of investors can be 
identified: 
(1) Private individuals investing in a diverse,set of agricultural projects. 
There are hundreds of such projects -- categorized by resource 
requirements as large, medium, and small. 
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(2) Large scale share holding companies. The majority of these 
companies has been established since 1980 with capital assets 
ranging between SR300 million to SR400 million ($80 million to 
$107 million) and with participation by thousands of Saudi 
investors. These companies are identified by name and described 
below: 
(a) The National Agricultural Development Company (NADEC). 
Capital assets are SR400 million ($1 07 million) with the 
government holding 20 percent of the shares and the 
remainder held by 126,533 share-holders. This company is 
developing major agricultural projects for wheat, fodder 
production, dairy, meat production, and sheep husbandry. 
(b) Hail Agricultural Development Company (HADCO) in Hail. 
This company has capital assets of SR300 million ($80 million) 
and 57,023 shareholders. 
(c) Tabuk Agricultural Development Company (TADCO) in Tabuk. 
This company has capital assets of SR200 million ($53 million) 
and 292,555 shareholders. 
(d) Qaseem Agricultural Company in Qaseem Region. This 
company has assets of SR500 million ($134 million) and 
352,292 shareholders. 
(e) The Eastern Company for Agricultural Development. This 
company has capital assets of SR300 million ($80 million). 
(f) The Jouf Agricultural Development Company. Assets of the 
company are SR200 million ($54 million) with 75 percent of the 
stock open to the public. The remaining 25 percent is 
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government owned. This company carried out a 70,000 
hectare wheat program in the North Central region in 1987. 
(g) The National Agricultural Marketing Company (Themar). This 
company has capital assets of SR26.83 million ($7.2 million). 
The number of shareholders is 158 with a maximum share 
. holding of SR0.5 million ($133,000) per individual. 
The above compan·ies represent the high technology capital intensive 
agricultural projects. These companies, together with other large projects 
having limited ownership, represent the large scale companies in the Kingdom 
(MOAW, 1984a; EIU,·1988). 
The increased agricultural development hap increased agribusiness 
activities. Investors are creating new outlets for imported machinery, fertilizers, 
and pesticides. Operation and management services are provided to owners of 
land by management firms.· Consulting firms are conducting agricultural project 
feasibility studies for potential owners .. Finally, custom service agribusiness is 
important during the grain harvest season. 
Capital is provided interest free to farmers by the Saudi Arabian . 
Agricultural Bank (SAAB) and to major agricultural companies by the Saudi 
Industrial Development Fund (SIDF). Therefore, capital is readily available for 
Saudi agricultural development (AI Hamoudi, 1984). 
Value added in agriculture increased substantially in the 1980s. From 
the mid 1970s to the early 1980s the relative contribution of agriculture to GOP 
varied from 0.91 percent to 1.75 percent (Table. Ill). Beginning in 1983 there 
has been a constant growth of the agricultural value added to GOP share 
reaching 5.4 percent in 1'987. The absolute increase in value added has 
jumped from SR4.6 billion in 1980 to SR14.35 billion in 1987, an increase of 
Year 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
Source: 
TABLE Ill 
AGRICULTURAL SECTOR CONTRIBUTION 
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TO GOP AT CURRENT PRICES, SAUDI ARABIA, 1975-1987 
(SR MILLION) 
GOP in 
Producer's Value 
(1) 
139,224 
; 
163,893' 
203,942 
223,818 
247,622, 
383,590 
517,994 
522,176 
411,801 
368,399 
322,920 
" 274,720 
264,072 
Value Added 
in Agriculture 
(2) 
'1 ,392 
1,586 
1,866 
3,909 
4,196 
4,648 
5,572 
6,740 
8,724 
9,611 
11,141 
1,2,589 
14,352 
Agriculture as 
Percent of GOP 
(3) 
0.99 
0.97 
0.91 
1.75 
1.70 
1.21 
1.10 
1.30 
2.12 
2.61 
3.45 
4.58 
5.43 
Saudi Arabian Monetary Agency Annual Report (different issues), 
Riyadh, Saudi Arabia. 
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208 percent in less than a decade. However, total GOP declined by 31 percent 
for the same period because of lower oil revenues. 
Data from the social accounting matrix of Saudi Arabia show domestic 
factor income by economic sector allocated to operating surpluses and 
compensation to employees. Operating surpluses are interpreted as a return to 
land, capital, and other rents. Compensation to employees is a return to labor. 
Between 1979 and 1982, the allocation between operating surplus and 
compensation of employees centered around 60 and 40 percent, respectively 
for the agricultural sector. This would" mean that about 60 percent of value 
added in agriculture is attributed to land, capital, and other rents. If these 
shares hold for 1986, the operating surplus would be about SR3,021 per 
hectare for the 2.5 millio~ hectares of land holdings. 
Labor Employment. The agricultural 'sector employed about 40 percent 
of the total work force in 1974. However; with the energy shock, much of the 
agricultural labor moved to urban areas seeking higher paying jobs in 
construction, industry, and government. This has led to a decrease in the share 
of agricultural employment to 14 percent by 1985. The decline in rural 
manpower contributed to the adoption of' capital intensive technologies in 
agriculture and the increased productivity of the employment remaining in 
agriculture. 
Agricultural employment in Saudi Arabia has experienced a reversal in 
trends since 1970 (Table IV). Employment peaked in about 1975 at 695 
thousand, declined to 545.6 thousand in 1980, a'nd increased again to 617.4 
thousand by 1985. During the Third Development Plan, of 1980-1985, the 
agricultural labor force expanded at an average annual rate oJ 2.6 percent. 
The percentage share of agricultural employment has declined from 40 
percent in 1970 to about 14 percent in 1985. During that period, major 
TABLE IV 
TOTAL EMPLOYMENT AND EMPLOYMENT IN 
AGRICULTURE, SAUDI ARABIA, 1970-1985 
, (IN THOUSAND) 
1970 1975 1980 
Agricultural Employment 445.8 695.0 545.6 
Total Employment . 1103.8 1746.5 3026.0 
Agricultural Percentage 
of Total Employment 40.4 39.8 18.0 
Average Annual Growth 
Rate of Ag ricu ltu ral 
Employment 11.1 -4.3 
27 
1985 
. 617.4 
4446.0 
13.9 
2.6 
Source: Ministry of Planning, Development Plans (1970-1985), Riyadh, Saudi 
Arabia. 
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structural changes have taken place in the economy creating significant effects 
on employment including the cfollowing: 
1. Total employment has increased more than 4 fold from 1.1 million in 
1970 to 4.4 million in 1985. An expanding economy allowed 
creation of infrastructural projects and exp,ansion in the capacities of 
the oil industry, services, trade,· and other sectors. Despite a decline 
in the agricultural labor .share, the absolute employment in 
agriculture increased from 545.6 thousand· in 1980 to 617.4 
::- ,_ f ,J. 
thousand in 1985, an increase of about 14· percent. 
2. Capital-labor substitution has been significant in the Saudi 
agriculture sector and has increased productivity of agricultural 
labor (AI;.Turkey, 1986). The contribution of agriculture to the GOP 
increased from SR1 ,392 million. in 1975 to SR11, 141 million in 
1985. The agricultural GOP per wo.rker increased from SR2,003 to 
SR18,045 over the same period or about a 9 fold increase. This is 
largely due to the effect of intensive use of high technology, high 
yiel~ing seed varieties, and chemical fertilizers. 
3. Expatriate labor (guest workers) has augmented the Saudi labor in 
agriculture and other sectors. The expatriate labor force represents 
about 60 percent of the total labor. force and has· incl~:.~ded both 
. skilled and unskilled labor. Modern technologies have been 
brought in through specialized agricultural management companies 
in all types of agriculture including dairy, wheat and fodder farms, 
. greenhouses, and irrigation. 
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AgriCultural Production 
Agriculture was the leading sector in terms of sectoral rates of growth of 
the Saudi economy in 1986. According to the Saudi Monetary Agency (1986) 
the sectors of agriculture, utilities, and petroleum refining registered the highest 
rates of growth at 13, 11.4, and 2 percent, respectively. The three five-year-
development plans (1970-1985) show increasing but moderate agricultural 
growth rates. Those rates averaged 3.6 percent in the first plan, 6.9 percent in 
the second plan, and 9.5 percent in the third plan. Domestic food production 
from 1976 to 1986 is given in Table V. Saudi Arabia produced about $740 
million worth of food in 1976, doubled to $1.5 billion in 1982, and more than 
doubled again to $3.6 billion in 1986. This is a phenomenal annual growth of 
18 percent. 
The greatest success of the agricultural sector is observed in four major 
commodity groups (Table VI), wheat, poultry products, vegetables, and dairy 
products. Wheat and poultry meat increased about 25 fold between 1976 and 
1986 and eggs increased about 14 fold. For the same period, watermelon 
production tripled and grapes, tomatoes, milk, and dates doubled in volume of 
production. On the other hand, production of less profitable grains such as 
corn, millet, and sorghum declined. 
Wheat. The total grain production in the Kingdom in 1986 was 2.6 million 
tons, of which 2.5 million tons were wheat grown on an area of 630 thousand 
hectares (SAMA, 1987). These data surpass the U.S.D.A. reported figures in 
Table VI for wheat by about 200 thousand tons. Parker (1987) reported that 
Saudi Arabia was the world's fastest growing wheat producer and exporter in 
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TABLE V 
SAUDI ARABIA VALUE OF FOOD PRODUCTION, 1976-1986 
· Food Production 
Year · ($ Million) 
1976 739.31 
1977 849.10 
1978 896.59 
1979 988.95 
1980 953.74 
1981 1 '1 03.10 
1982 1,495.60 
1983 2,025.73 
1984 2,_620.85 
1985 3,136.04 
1986 . 3,630.04 
Source: World Indices of Agricultural and Food Proc;:fuction, 1977-86. USDA, 
ERS,· Statistical Bulletin Number 759, March 1988. 
Commodity 
TABLE VI 
SAUDI ARABIA AGRICULTURAL 
PRODUCTION BY COMMODITY, 1976-1986 
1976 1977 1978 1979 1980 1981 1982 1983 
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1984 1985 1986 
. ........... .. ........... ........... ....... 1,000 tons .................................................... 
Wheat 93 125 120 150 142 187 417 817 1407 2047 2285 
Rice, paddy 3 3 3 3 3 3 3 2 1 1 1 
Corn 15 16 16 16 16 3 4 5 5 6 6 
Barley 12 14 15 16 5 6 6 13 7 10 12 
Millet 17 13 13 12 9 8 11 7 7 8 9 
Sorghum 153 165 182 118 109 91 147 80 125 135 127 
Onions 54 106 95 118 59 14 80 57 68 73 77 
Watermelon 283 140 179 332 193 385 478 616 820 855 875 
Cantaloupes 42 30 27 30 .40 48 55 53 64 72 80 
Tomatoes 197 167 212 200 232 235 266 349 360 385 412 
Oranges 14 15 19 21 15 17 24 35 37 42 47 
Grapes 42 56 53 60 62 61 67 85 79 92 105 
Dates 257 382 411 412 414 371 417 438 450 470 507 
Beef and Veal 24 21 23 24 25 27 30 33 37 40 44 
Mutton and Lamb 45 46 46 47 49 53 58 60 62 65 75 
Poultry Meat 12 15 20 24 50 55 82 137 201 250 305 
Milk 200 305 331 337 214 231 277 320 335 353 420 
Eggs 15 19 20 29 29 54 75 105 130 160 210 
Source: World Indices of Agricultural and Food Production, 1977-86. USDA, 
ERS, Statistical Bulletin Number 759, March 1988. 
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the 1980s. It appears that Saudi· Arabia will become the top Arab wheat 
producer. 
The 1987 harvest as reported in the Economist Intelligence Unit Report 
(EIU) show that production from 687 registered farm companies and projects 
rose to 1 ,544,000 tons. Total production, .taking into account the· many smaller 
farms who are eligible to sell to the Grain Silos and Flour Mills Organization 
(GSFMO), is estimated at 2.5 million tons (EIU, 1988). These data sug·gest that 
the large agricultural companies and projects. produce about 62 percent of the 
total wheat while the bulk of the small .farms are producing only 38 percent of 
' ' 
the total volume. Hence, most of the output:..based price support program 
benefits are absorbed by the new high-tech? large agricultural enterprises. 
Book value of wheat production costs are declining as farmers become 
more experienced and as fixed costs are ·written off. Tolley 'et. al (1983) 
observed that over jime, output price ·support may facilitate farm investment in 
new technology, thereby limiting future price increases. The Saudi Arabian 
' . 
Agricultural Bank estimated average production cost per ton to be around $500 
in 1981 (SAAB, 1981 ). In 1985, reported production co~ts centered around 
$240 per ton. The lowest production costs reported are about $190 per ton for 
the most efficient and cost conscious farmers (Nimah,, et al., 1985a). 
Initial fixed capital costs were studied in a representa,tive la,rge project by 
a team of agricultural· engineers in Saudi Arabia. · Apart Jrom the agricultural 
machinery and site development, the main factors making farming a costly 
' . 
venture is the digging of wells and irrigation equipment. In Saudi Arabia, the 
depth to water varies from 500 to 1 ooo· plus meters .. _such depths are very 
costly, especially when compared to the 300 feet depths reported in much of the 
United States. The digging of wells and purchasing and installing sprinkler 
33 
irrigation systems accounted for 30 and 27 percent, respectively, of the total 
fixed investment for the representative project (Nimah, et al., 1985a). 
Official Saudi figures put wheat sales abroad in 1987 at 1 .4 million tons 
and donations at 337,000 tons. Wheat sales in 1987 were reported to the 
USSR, Colombia, China, Indonesia, Malta, Lebanon, Norway, Jordan, Portugal, 
the United Arab Emerates, and West Germany (EIU, 1988). 
Concerns of excess capacity in wheat production and the need to lower 
barley imports (about 5 million tons annually) enhanced the lowering of the 
wheat output support price in 1985 from $1 000 a ton to $571 a ton. A barley 
output support price of $265 per ton' was introduced to encourage barley 
production. The five largest agricultural companies were encouraged to switch 
30 percent of their wheat area to barley. The fourth five year development plan 
has clearly expressed the objective of stabilizing wheat production and 
expanding production of othe'r crops (such as fruits and vegetables) and 
livestock (MOP, 1985). 
Vegetables and FrUits. Most vegetable production is for local markets 
and thus the volume is low, markets are widely· scattered, and sometimes 
markets are in remote areas with few marketing services. Saudi Arabia 
vegetable production equalled more than 1 million tons in 1986, double the 
amount of 1977 outpuf, with melons, tomatoes, squash, eggplant, and 
cucumbers the main crops. Demand for some vegetables has grown faster than 
local output resulting in higher prices. The shift of some vegetable areas to 
wheat production, together with a large guest labor force, has contributed to a 
rise in vegetable imports, particularly from Turkey and Jordan. 
Hundreds of agribusiness projects have installed greenhouses to 
produce more vegetables. As of 1986, the number of greenhouses peaked at 
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236 compared to 158 in the preceding year. Considerable success is observed 
in greenhouse production especially in raising cucumbers and'tomatoes with 
enclosed humidity controlled conditions. By using .the hydroponic techniques, 
. farmers are able .to harvest p~oducts year round. 
Fruits also have increased in production .from 420 thousand tons in 1980 
to 720 thousand tons in 1 !;iss. Date productiorfhas increased to 550 thousand 
tons ranking the country as the largest date producer irl the world. 
Export of ,vegetables occurs seasonally tq neighboring countries 
especially in watermelon and tomatoes. Date exports equal 21 ,000 tons 
annually with larger volumes expected in the future in response to output price 
support and a recent expansion of processing and packing plants. 
' ' 
Parker (1985) and others note thafthe mar~et move to wheat has caused 
a crowding out of vegetables, especially onion. Farmers have found it more 
profitable to grow wheat on newly irrigated land than vegetables because of 
favorable wheat prices and the. use of mechanized farming that greatly reduce 
' ' 
the· need for manual labor. 
Poultry. During the last ten year~ the poultry industry has been booming 
in the Kingdom. An unprecedented expansion in the poultry industry has led to 
self-sufficiency in the production· of eggs and a more steady progress in broiler 
production. Saudi poultry projects provide more than 70 percent of the national 
demand for broilers. Consumption of ch~cken has been greatly stimulated in 
recent years by the high price of sub~titutes, mainly lamb. Saudi Arabia has the 
highest per capita consumption of poultry meat in ~he world (Qureshi, 1986). , 
Subsidies for feed and facilities have contributed to the rise in poultry 
' ' 
meat production from 82 thousand tons in 1982 to about 305 thousand tons in 
1986. With continued growth in the poultry industry the Kingdom should be self-
sufficient in broiler meat production by 1990. Broiler meat imports, mostly from 
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France and Brazil, have declined from 212 thousand tons in 1982 to 83 
thousand tons in 1986. Although the price of local chicken is not controlled, it 
averages about SR7 or $2 ,per bird in the retail market. 
Egg production saturated the domestic demand in 1984 of 2 billion eggs 
and allowed about 1 0,000 tons for export to neighboring Gulf countries. Exports 
are forecasted to increase substantially in the future. 
The major problems facing the poultry industry are related to 
performance in the high-tech operations and distribution of marketings over the 
year. Poultry ho1Jses are ranked among the best in the world but problems 
remain in obtaining required cooling, ventilation, and humidity for improved 
broiler production and performance. A number of processing plants are 
reported to be operating at 75 percent of capacity because, of maintenance 
problems. The lack of marketing infrastructure and institutions has led to 
periodic glutted markets, low prices, and discouraged producers, particularly 
the small producers. 
Future prospects for the poultry industry are bright. Ease of entrance and 
the generally reasonable marketing outlets have encouraged many 
businessmen to invest in the industry. The egg producers are mainly two 
segments. There are some small 10,000 ,bird laying flocks, and several others 
of up to a million layers. Broiler producers are more conglomerated, with about 
14 companies having the capacity to produce more than a million broilers a 
year, but the two largest companies located in western and central regions have 
a combined capacity of 135 million birds. There is still room for growth in 
poultry meat production to replace imports. Exports of_ poultry products to 
- " 
neighboring Gulf countries started five years ago. The industry in Saudi Arabia 
has a comparative advantage over countries at a farther distance in delivering 
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fresher products. However, it remains to be determined whether the industry 
can reduce costs sufficiently that subsidies are no longer necessary. 
Dairy and Other Livestock. Milk production increased by 15 percent in 
1986 to 457 thousand tons, up from 417 thousand tons in previous years. This 
data surpasses the U.S.D.A. reported figures in Table VI. This could, however, 
meet about 30 'percent of the total domestic consumption of 1.5 million tons. 
The gap between consumption and domestic production was filled by imports of 
more than 700 thousand tons of powdered milk (SAMA, 1987). 
Dairy farms are usually large, thereby allowing them to develop 
integrated marketing facilities including processing plant, cold storage, and 
refrigerated trucks. Thirty-eight dairy projects are operating in the country with 
about 37,000 cows. Joint ventures are common with Saudi partnerships 
occurring with Danish dairies and the Mastock systems of Northern Ireland. 
One of the newly established dairy farms is claimed to be one of the world's 
largest integrated dairy complexes. 
Productivity is high by international, standards reaching 6200 liters of milk 
per cow (Arbus, 1983). Cows ar:e fed green alfalfa year round. 
The lack of milk cooperatives or independent processors imply that new 
producers must invest not only in cows but also in processing and marketing 
operations. This restricted entry discourages small producers: . Field (1985) 
' ' 
suggested that the major Saudi agricultural companies should encourage small 
dairy farmers by purchasing their unprocessed milk in return for a fair price. 
Thus, the burden of processing, cold storage, and marketing would be 
alleviated for the small producers. 
Farms producing other livestock have attracted investors in recent years. 
According to the MOAW there were 94 sheep fattening and breeding farms in 
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1986 with an annual production capacity of 1.39 million head. Eight beef 
feedlot farms are in operation, producing 109 thousand head per year. 
However, the raising of camels, cattle, goats, and sheep is still a major 
traditional practice in the grazing and rural areas. The total number of sheep in 
the Kingdom including both traditional and specialized feedlot farms runs up to 
7.6 million head (MOAW, 1986). 
Most of the locally produced red meat comes from animals imported live 
for slaughtering. Imports from Turkey, Australia, and East Africa make up the 63 
percent deficiency in domestic production. 
Productivity 
Structure of Traditional and Commercial Producers. The rapid 
expansion in agricultural production in Saudi Arabia started in 1979. Although 
the take-off stage correlates with the beginning of large farm development, the 
traditional small farms of 4-7 hectares 'still make-up the bulk of the holdings 
under cultivation (Table VII). 
The traditional farm is generally serviced by a single well and employs a 
belt driven pump powered by a diesel engine. It normally has cultivated crops, 
date palm trees, and possibly other crops such as grapes and citrus. The 
cultivated crops would consist of some vegetables such as squash, tomatoes, 
eggplants, carrots, and watermelons; a small amount of wheat, millet, or 
sorghum; and possibly some alfalfa for sheep. 
The farmland is generally irrigated through locally lined open channels 
and on-farm basin systems. This system will irrigate uneven ground that can 
not be serviced by sprinkler pivot systems. Management and operation is by 
the owner and his family members or by tenants in some cases. Small amounts 
of hired labor are used on a permanent or temporary basis. 
Table VII 
NUMBER AND AREA OF HOLDINGS BY SIZE, SAUDI ARABIA, 1982 
Size Classes 
(Hectare) 
Under 5 
5-50 
51-500 
Over 500 
Total 
Area (Hectare) 
202,675 
693,232 
663,860 
575.266 
2,135,033 
Number 
153,695 
51,920 
6,240 
302 
212,157 
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Source: Ministry of Agriculture and Water "Census of Agriculture according to 
farm size 1981-1982" Riyadh 1985. 
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Vegetable and fruit products are transported by the owner to the market. 
Because of a lack of cold storage, traditional farmers have few choices but to 
sell their products at harvest tim~ regardless of price. 
The large commercial farms are generally fully irrigated using center 
pivot sprinklers,· are worked with 250 plus horsepower wheel tractors, and use 
the most modern· implements. .Operation· and management is frequently 
contracted usin·g experts from the United .. States or Europe and the bulk of 
manual labor comes from East Asian coul}tries. Land preparation is usually 
combined with apptication of chemical fertilizers, to eliminate nutrient 
deficiencies. If the farm is producing' whea:t, private grain silos are established 
in the field to hold grain temporarily until it is delivered to the governmental 
grain silos. 
Yields. The pi-imary impacts of the new technologies in the Saudi 
agriculture have been to increase output, lower the average cost of production, 
and in many instances to increase the si.ze of the farm. The agricultural sector is 
experiencing a dynamic strLJctural change in response to the new technologies 
and incentives. This structu~al change i~ i.n itself a source of growth as the 
national crop composition shifts in favor of higher valued outputs. High yielding 
' ' ' 
varieties , irrigation equipment, and skillful farm management are major sources 
' . ' 
of growth via yield increases (Norton, 1984). 
Significant growt~ in yield in almost all commodi,ties 'ha's occurred in 
Saudi Arabia. Trends in yields for 12 principal commodities over the 1974-
1986 period are presented ir;1 Table VIII. It is apparent that the wheat pricing 
policies have significantly increased yield. Onion yields, on the other hand, 
declined due to allocating the best land to wheat. Yields of milk and eggs 
increased even though these products were produced on specialized farms as 
early as the 1970s. 
Year Wheat Barley 
1974 1.84 1.48 
1975 2.13 2.37 
1976 1.25 1.25 
1977 1.74 1.66 
1978 2.00 1.85 
1979 2.09 1.53 
1980 2.11 1.24 
1981 2.55 0.76 
1982 2.76 1.44 
1983 3.33 1.98 
1984 3.47 2.08 
1985 3.63 2.15 
1986 3.87 1.88 
Percentage Change 
Between 197 4-76 
and 1984-86 
110.34 20.00 
*Milk yield is tons/cow 
TABLE VIII 
TRENDS IN YIELDS FOR TWELVE MAJOR AGRICULTURAL 
COMMODITIES, SAUDI ARABIA, 1974-1986. 
Sorghum Tomato Onion Dates Melon Watermelon Grapes 
IQns/l:I~Qtar~ 
0.42 11.66 19.07 5.92 28.14 ' 11.96 9.47 
0.54 14.42 20.22 6.34 18.75 10.88 14.53 
0.51 10.37 16.64 4.25 10.81 19.94 9.33 
0.51 11.01 20.88 7.13 18.16 19.67 8.50 
0.50 10.67 25.99 7.05 17.53 13.35 12.76 
0.52 11.60 22.18 6.69 15.42 17.90' 12.33 
0.31 11.36 18.12 5.67 18.36 20.14 13.52 
0.52 18.05 18.38 5.95 13.37 14.83 15.01 
0.69 14.71 10.16 5.83 17.02 16.20 14.81 
0.79 13.55 13.36 7.33 20.76 21.14 11.05 
0.93 12.08 11.08 8.08 38.10 20.50 12.88 
1.15 13.20 11.94 7.62 58.00 20.36 15.22 
1.15 13.20 11.40 7.60 57.14 20.33 15.09 
120.00 5.60 -37.00 41.30 165.00 15.00 29.50 
**Egg yield is eggs/chicken with average egg weight of 55 grams. 
Source FAO computer pnntout statistics about Saudi Arabia, Rome 1988. 
Citrus Milk* Eggs** 
8.09 9.03 174 
5.48 10.00 177 
5.97 10.00 179 
6.07 10.00 180 
7.48 10.00 188 
7.42 10.00 200 
7.87 10.50 200 
6.32 10.50 202 
7.78 10.44 225 
7.73 10.76 219 
7.67 11.00 220 
7.67 11.01 234 
7.67 11.29 231 
18.00 14.70 29.00 
.J::o.. 
0 
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Wheat yields of 8 tons per hectare, i.e. more than double the national 
average, have been reported in Tabouk of northern Saudi Arabia. Subsidies 
cover the entire cost of selected wheat seed varieties. The GSFMO accepts 
only Probate and Mexican Dwarf (Yecora Rojo) wheat varieties for subsidy at 
this time. 
Farm Prices and Incomes 
While Saudi Arabia has made substantial gains in agricultural 
development it nevertheless remains as one of the largest food importers. 
Domestic prices of goods and services are thus influenced by the trading 
partners. 
Producer prices for selected commodities were assembled from FAO 
statistics and other sources and are presented in Table IX. The upward trend in 
prices in the international market in the 1970s is obvious in the Saudi farm gate 
prices. Unfortunately, there is no available farm gate price series after 1981. 
The domestic commodities are facing competition from food imports. The 
producer price to c.i.f. import price ratios for selected commodities are 
presented in Table X. The data illustrate that domestic prices for more than half 
of the selected commodities are higher than the international import price. 
Dates and most livestock products show domestic producer prices below world 
market prices. However, feed subsidies reduce the livestock product per unit 
production cost thus allowing for lower producer prices. 
Farm income data are not available for Saudi Arabia. Thus farm income 
estimates are best represented by net revenue generated from farm plans, 
given in other studies. This approximation can serve the purpose of obtaining 
the magnitude of the annual income of farmers with different size land holdings. 
Year Wheat Barley 
1970 810 630 
1971 800 630 
1972 730 570 
1973 850 660 
1974 1000 780 
1975 1200 930 
1976 1470 1150 
1977 1780 1390 
1978 1740 1360 
1979 3500 1200 
1980 3500 985 
1981 3500 975 
TABLE IX 
COMMODITY PRICES AT THE PRODUCER LEVEL, SAUDI ARABIA, 
1970 - 1981 SR PER TON (CURRENT VALUES) 
Sorghum Watermelon Melon Dates Grapes Citrus Onion Tomato Lamb Beef 
740 270 490 530 690 450 390 360 5886 5788 
480 250 550 510 640 420 290 340 3651 6148 
320 290 640 500 730 480 440 310 4825 6507 
370 340 740 580 850 560 510 360 6376 7004 
440 400 870 680 1000 660 600 420 7690 8674 
520 470 1050 820 1200 790 720 510 5424 7567 
640 580 1290 1010 1470 970 890 620 6597 6915 
780 710 1560 1220 1780 1170 1070 760 7194 7927 
760 690 1520 1190 1740 1140 1050 740 7367 6662 
780 710 1560 1220 1790 1170 1080 760 6339 7066 
830 760 1660 1300 1900 1250 1150 810 6227 7705 
890 800 1770 1390 2030 1330 1220 860 6746 8073 
Broiler Milk Eggs 
3055 2187 2156 
3212 2940 2379 
3016 3378 2604 
3617 2598 2924 
3697 3214 3657 
3700 4329 3170 
4162 3910 2709 
4275 4353 3743 
4159 4428 3664 
3830 4797 3710 
4796 3179 4324 
3586 4769 6662 
Sources: Grain prices were obtained from Parker (1988) "Saudi Arabia Coarse Grains Market." For the remaining commodities, farm gate prices 
are reported by FAO up to 1981. 
~ 
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Commodity 
Wheat 
Barley 
Sorghum 
Tomato 
Onion 
Watermelon 
Melon 
Citrus 
Grapes 
Dates 
Beef 
TABLE X 
COMMODITY DOMESTIC PRODUCER TO 
C.I.F. IMPORT PRICE RATIOS, SAUDI ARABIA, 1985 
U. S. $ PER TON 
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Domestic 
Producer Price 
Import 
C. I. F. 
Domestic To Import 
Price Ratio 
(1 ) (2) (3) 
U.S. $ Per Ton 
571.00 280.00 
219.60 132.00 
261.00 203.00 
416.00 184.00 
451.60 159.00 
292.54 264.00 
652.20 213.00 
483.15 320.00 
736.00 633.00 
495.00 749.00 
1627.90 1830.00 
Mutton and Lamb 1836.70 2037.00 
2.04 
1.66 
1.29 
2.26 
2.84 
1 .11 
3.06 
1.51 
1.16 
0.66 
0.89 
0.90 
0.95 
0.55 
1.23 
Broilers 1162.00 1211.00 
Eggs 1203.87 2183.00 
Milk 988.67 805.00 
Source: Domestic producer prices are projected from Table IX on trend basis. 
Import C.I.F. prices are obtained from FAO Printouts about Saudi Arabia. 1988 
Rome. 
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Humaidan (1980) estimated the net revenue generated in the AI-Hasa 
irrigation and drainage project of 16 thousand hectares at SR988 million. 
Following his convention of considering 4 hectares as the average size farm 
gives a per farm net return of SR243 thousand. 
Battal (1986) reports the optimal production plans for representative 
farms of different sizes in the AI-Kharj oasis near Riyadh. The annual net return 
for small and medium size farms was estimated at SR203 thousand. For farms 
of 792 hectares net returns amounted to SR15. 7 million, almost 77 times the 
income of the small and medium size group. Nimah, et al., (1985a) estimated 
the production cost for a ton of wheat in a new project with 3500 hectares to be 
SR722. With the project yield of 5.4 tons per hectare and the wheat support 
price of SR2,000 per ton, the calculated annual income is about SR6,900 per 
hectare or SR24.2 million for the project. 
In summary, small farm annual net returns fall in the range of SR200-240 
thousand while that of the large farm (project) group runs to SR15-25 million. 
Government Program Costs 
The government is committed to developing the agricultural sector for 
purposes of reducing the Kingdom's dependence on food imports. Government 
programs include subsidies to the private sector and major expenditures for 
infrastructural development. Government direct investments during the last 15 
years have included crop research stations, animal breeding centers, grain 
silos and flour mill complexes, and dams across the valleys. 
The amount of subsidies provided to the private sector are presented in 
Table XI. Government spending for agriculture in the First Development Plan 
(1970-1975) was estimated at SR280 million .. The Second Development Plan 
TABLE XI 
GOVERNMENT PROGRAM COSTS FOR AGRICULTURE LOANS, 
INPUT SUBSIDIES, AND WHEAT OUTPUT PRICE 
SUPPORTS, SAUDI ARABIA, FROM 1970 TO 1988 
(SR MILLION) 
Loans Subsidies 
Inputs Output (Wheat) Total 
First Plan 
(1970-1975) 235 46 46 
Second Plan 
(1975-1980) 3,181 1,337 525 1,862 
Third Plan 
(1980-1985) 15,468 5,317 10,395 15,712 
Four Years of the 
Fourth Plan 
(1985-1988) 3.411 1.664 15.242 16.906 
Total 22,295 8,364 26,162 34,526 
Source: Saudi Arabian Monetary Agency Annual Report, 1988. 
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coincided with the oil shock of 1974 resulting in farm subsidy costs of SR5 
billion. A larger commitment, however, is observed in the Third Development 
Plan (1980-1985) where agricultural program spending amounted to SR31 
billion (or U.S. $9 billion), six times as much as the preceding plan. About fifty 
percent of the third development plan spending was directed toward short and 
medium term loans while one third was wheat support price payments. 
The Fourth Development Plan (1985-1990) shows a reduction in 
expenditures to the agricultural sector due in part to the persistent decline in oil 
prices and to the completion of major agricultural infrastructure projects. 
However, for the first four years of the Fourth Development Plan the spending 
amount was SR20.32 billion. Wheat price support payments for the last four 
years represent an even higher proportion of the total wheat program payments 
of the previous plan. 
Between 1970-1988, total program cost was SR57 billion (U.S. $15.4 
billion). These payments represent direct loans and subsidies to farmers. 
Wheat purchase program payments totalled SR26.2 billion since its introduction 
in 1979. The 1985 wheat harvest of 2.29 million tons is costing SR4.58 billion 
as output price support expenditures. Exports of 0. 79 million tons leaves about 
1.5 million tons for domestic consumption. If the local production of wheat is 
lowered to 1.5 million tons to allow for self sufficiency, the wheat price support 
payments should be reduced to about SR3 billion. 
Agricultural policies in Saudi Arabia are not too different than in many 
other countries including the developed countries. The amount Saudi Arabia 
spends on subsidizing agriculture can be compared with other developed 
countries. Dommen (1987) shows that the cost of supporting agriculture in both 
the United States and the European Community has grown rapidly. The United 
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States' outlays for price and income supports reached a record of $25.8 billion 
in 1986, up from $4 billion in 1981. The European Community price support 
expenditures were about $22 billion in 1986, up from $13 billion in 1981. 
Saudi Arabia could import food from world markets at prices much lower 
than it currently costs to produce under desert conditions. The Saudi Minister of 
Agriculture and Water has stated that "obviously Saudi Arabia has chosen the 
hard path to attain food ,security by means of self-sufficiency." However, 
decision makers consider the infrastructural costs as an investment in social 
overhead. Furthermore, decision makers have determined that investment in 
' ' 
agriculture and a degree of food self~sufficiency has brought about a certain 
amount of national pride and dignity (AI-Sheikh, 1988). 
CHAPTER Ill 
LITERATURE REVIEW 
The Agricultural Sector Approach 
Agricultural sector modelling is a term used to describe a rather wide 
range of formal analytical efforts to study the agricultural sector of an economy 
as a system. A growing interest in this area came, about in the 1960s as 
economists became sensitive to the need to formally consider the agricultural 
sector as a whole as they attempted to study its performance and to analyze 
policies which affected its participants (Langham and Retzlaff, 1982). 
' ' ' 
Large scale programming models of the agricultural sector,have become 
common. This trend towards a more structured sector framework has not led to 
more versatile general purpose policy testing models, but rather has resulted in 
specific purpose models with rigorously defined structural relationships. 
' ' - ! 
Increased computer capacity and innovations in programming 
methodology have brought about new opportunities for the construction of 
large-scale models w.hich reflect much more closely the sector. being modelled. 
As sector programming models have increased in numbe,r, they have also 
increased, individually, in size and complexity. Enormous man-hours and data 
requirements are commonly reported in popular agricultural sector models 
throughout the world. 
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fln the forward to the Book of CHAC, Earl 0. Heady stated that 
programming models, econometric models based on time series data (where 
available), and simulation models all have unique roles to perform in the 
evaluation of policy outcomes and alternatives. Programming models have an 
advantage when it is important to indicate "by how much and where" 
investments and change should be made, particularly when time series data 
are not generally available. 
Programming models are especially useful for analyzing the potential 
effects of change on resource use, productivity, and the generation of 
employment and income. In this sense, they are an important set of the 
quantitative techniques needed to assess development and policy alternatives 
in all countries (Norton and Solis, 1i983). 
McCarl and Spreen (1980) made a comprehensive survey of sector 
models. It included a tool-purpose specification of different approaches. Input-
output analysis, econometrics, and mathematical programming were the major 
modelling endeavors. In studies of the entire economy where linkages between 
sectors are of interest input-output analysis has been used. In other studies 
where the objective has involved identification of a sector's structure, various 
econometric approaches have been taken. To simulate the effect of new 
policies upon a sector, however, mathematical programming has proven to be a 
particularly useful tool. 
As an illustrative example of such an approach, the CHAC model for 
Mexico (Norton and Solis, 1983) and the Turkish Agriculture Regional 
Programming Model (TARP) developed by Cakmak (1987) share common 
features. They simulate potential reactions of farmers to changes in policy. 
They present the government policies -- such as price support, input subsidy, 
etc. -- and evaluate their effects as interventions on producers income, 
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employment, and other variables in a basically competitive market. No attempt 
has been made to derive "optimal" policies with the models; rather the power of 
analysis is applied to assist in understanding the multiple consequences that 
would follow from specific policy options. 
The role of the mathematical programming model differs in sector levels 
compared to farm levels. At the farm level, the mathematical programming 
model role is normative. That is, the farm level models estimate what would 
happen given certain goals and resources. Also it prescribes what should be 
done given certain means to maximize the ends. The decision maker (e. g. , 
farmer) specifies his decision rule (e. g., profit maximization) and the model 
optimizes the decision rule given the associated constraints. 
At the sector level, where the modelling technique typically covers the 
production and disposition of all major crops and animal products in a country, v 
the usual objective of the model is to determine the behavioral structure of the 
agricultural sector in response to possible policy changes. In other words, the 
producer's reaction to external changes are described (descriptive or positive) 
by corresponding solutions to different policy alternatives. 
Sector modelling has received increased emphasis by economists and 
planners. This emphasis stems from the increased use of governmental policy 
to encourage economic development and the need to investigate possible 
outcomes (sometimes unexpected) of different policies to various segments of 
the agricultural sector. 
The farm level programming model does not permit evaluation of optimal 
allocation of resources at the sectoral level, or costs and benefits of policy 
alternatives from a social view point. These questions require a broader 
perspective on markets, prices, regional production possibilities , resource 
utilization and endowments, distributional impacts, and international trade than 
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is possible with farm level studies. Therefore, sectoral modelling is ideally 
suited to addressing macro policy issues (Roth, 1986). t-
Application of sector modelling for policy related questions is enormous. 
Hazell and Norton (1986) discussed different ways of utilizing existing sector / ' 
models for Mexico, Egypt, and Turkey. Analysis of pricing policies, evaluation of 
investment projects, and analysis of comparative advantage for export of certain 
crops are some of the useful applications of sector modelling. 
In the U. S., House (1985) developed the USMP regional agricultural 
programming model. It is a price endogenous, spatial equilibrium mathematical 
programming model developed to address contemporary issues in the U. S. 
agricultural policy. It involves adjusting policy or market variables, and 
measuring impact on commodity and factor prices, production, utilization, 
income, and expenditure accounts. 
The distributional impact of lower grain prices on different regions in 
Canada was discussed by MacGregor and Graham (1988). Their study built 
upon the Canadian Regional Agricultural Model (CRAM) which was developed 
by Webber, Graham, and Klein (1986). They concluded that the loss of farm 
value added in response to lower grain prices was greater in regions of 
intensive grain production. Tewari and Kulshreshtha (1988) used a quadratic 
programming model of the agricultural sector to assess the impact of rising 
energy prices on Saskatchewan agriculture. The model predicts that increased 
energy prices would cause a decrease in the level of production due to lower 
fertilizer use, product demand, energy use, and consumer surplus. 
Models for Market Equilibrium 
Many governments and aid donors have recognized that greater 
emphasis has been placed on understanding the problem of agricultural 
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change. Relations between and among goals need to be understood, as well 
as the consequences of alternative policy choices on a given target. Hence, the 
construction of quantitative models for market equilibrium become invaluable 
for providing effective policy guidelines. 
Measurement in economic research should occur with the best methods 
available. The question is not one of whether to measure or not to measure, but 
how best to measure (Langham, 1982). Agricultural sector models provide 
measurements for economic policy analysis and have been developed for 
different purposes. Researchers have used significantly different techniques 
depending on the objective and resources available. Simulation system 
models, econometric models, and mathematical programming models 
represent the major modelling techniques in the profession. 
System Simulation Models 
The Korean Model represents an application of the general systems 
simulation approach. It represents a joint effort of a research team from 
Michigan State University in close collaboration with officials and researchers in 
Korea. It is a second generation model building on methods developed and 
lessons learned in a similar study by a Michigan State University team in 
Nigeria. The objectives of the Korean Agricultural Sector Model were to 
analyze and prescribe policies and programs for agriculture in a 
comprehensive and complex system. No attempt was made to maximize an 
"objective" function in a mathematical sense (Egbert, 1978). 
The authors of the Korean Agricultural Sector Model reported that the 
model was not a prescriptive, problem-solving model. Rather, it was a 
descriptive, subject-matter model designed to utilize concepts, data, and 
theories from the relevant academic disciplines for addressing a set of problems 
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related to the development of the agricultural sector. The model can be used to 
project and compare the consequences of alternative courses of action related 
to a particular problem (Lee, et al., 1982). 
Large scale simulation systems have been criticized for their 
considerable resource requirements for model development, maintenance, and 
computer capacity. The Nigerian Model, for example, required approximately 
ten man-years of professionals (Thorbeck, 1973). Further, such models are 
regarded as experimental and potential payoffs come about through increased 
understanding of basic economic relationships rather than through short- or 
intermediate-run policy prescription (Langham 1982). Failure to recognize this 
fact has led to false expectations and disappointment by both policy makers and 
researchers. If a systems model is to be developed, it should be problem 
specific and focus on a limited number of relationships. 
Econometric Models 
Econometric modelling is·. used for identification of sector structure. It 
explains how the sector works, identifies the important variables or factors, and 
their functional relationship, and provides estimates of parameters. 
Econometric models have been used for single commodity as well as multi-
commodity analyses. 
Single commodity econometric modelling takes many forms. Commodity 
demands are usually analyzed in terms of factors affecting consumption and 
commodity supplies are analyzed in terms of availability and sources of inputs. 
Elasticities are extracted for analysis of policy implications. 
Multi-commodity econometric models have been used to analyze the 
structure of the U. S. agricultural sector. Ray. and Moriak (1976) developed an 
econometric model called POL YSIM. The crops subsector includes wheat, 
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soybeans, feed grains, and cotton and the livestock subsector includes cattle, 
v 
calves, sheep and lambs, chickens, turkeys, eggs, and milk. This is a 
comprehensive model where allowance is made for interaction between the two 
subsectors. 
Another model is the Collins and Taylor (1983) TECHSIM. Major 
emphasis of this model is on tracing the effect of technological change on 
welfare of producers and consumers. Changes of technology include pesticide 
reduction policies, farm size, and genetic improvement in field crops and 
livestock breeds. Effects of technology are modelled through changes in yields 
or costs of production. Policies are evaluated based on changes in production, 
prices, farm rents, and producer and consumer welfare. 
The econometric sector models heavily utilize time series data which are 
readily obtained in developed countries. However, when the structure of the 
agricultural sector is dynamically changing as in Saudi Arabia, econometric 
models fail to capture changes caused by new crop varieties, size distribution of 
farms, and pricing policies. 
Hazell and Norton (1986) argued that the main problem with relying only 
on econometrics is twofold: data difficulties and changes in underlying 
economic structure. The data problem arises because of insufficient data series 
with enough degrees of freedom to estimate regional or national cost and 
production functions econometrically. Data on farm income, farmgate prices, 
and farm labor are another obstacle to overcome, which forces the researcher 
to use cross-section farm level survey data. 
Mathematical Programming Models 
The use of mathematical programming to simulate market behavior has 
been explored extensively in a number of studies since Samelson first pointed 
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out in 1952 that an objective function exists whose maximization guarantees 
fulfillment of the conditions of a competitive market. 
The mathematical programming framework can be readily used to 
conduct agricultural policy analysis. The effects of different scenarios are 
captured by changing parameters and the constraint specifications. 
Furthermore, it provides regional detail necessary for analyzing interregional 
impacts of alternative policies. Finally, the technological alternatives in 
agriculture production are numerous and can fit naturally into a process 
analysis production framework. 
The literature contains several types of agricultural sector programming 
models. They can be classified according to the level of aggregation (regional, 
national, multiple country), or by the methodological approach used in the 
formulation of product supply and demand (exogenous or endogenous prices). 
Agricultural ector Programming Models 
Prjce Exogenous Models 
Large-scale price exogenous linear programming models have been 
used extensively by agricultural economists to simulate the impact of farm 
programs upon the agricultural sector. These types of models have included 
the restrictive assumption of fixed market prices or quantities, thereby ignoring 
the interrelationships of aggregate price and quantity (M~arl and Spreen, 
--------1980). H ady and Egbert (1959) developed a spatial linear programming 
~
model for the U. S. agriculture. The model dealt with finding the pattern of 
production (location and amount of production) of wheat for food, wheat for 
feed, and feed grains that would meet the final consumption needs for the 
United States, plus export demands. The study divided the country into 104 
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producing areas, and aimed at minimizing costs of production and 
transportation to satisfy national demand plus export demand. 
The linear programming simplex method was utilized to arrive at the 
spatial competitive equilibrium solution. Results of these models indicated 
regions that should withdraw from production if an "efficient" production was to 
be of5tained. 
T.Q partially account for the differences in production efficiencies existing 
among farms located in the same area, the farm size delineation was 
addressed by Evindson, Heady, and Srivastava (1975). Their model delineates 
the farms in each area to three farm size classes. The results of this study show 
a marked comparative advantage on large over small farms in crop production, 
and some livestock production. Small farms have, however, a comparative 
advantage over large farms in other groups of livestock'. 
A national crop model of Thailand was developed in a joint collaboration 
effort of the Thailand Ministry of Agriculture, the U. S. Agency for International 
Development (USAID), and Iowa State University. Stoecker and Khatikran 
(1982) reported the purpose of this study was to provide a basis for analysis of 
alternative crop production levels and technologies in relation to livestock 
production and production in nonagricultural sectors. A fixed point demand 
model was assumed for this analysis with about 350 to 450 equations analyzed 
for different policy issues. 
The above studies included the restrictive assumption of fixed market 
prices or quantities, i. e. demand was exogenously determined outside the 
model. The quantity demanded of each commodity is calculated by multiplying 
per capita consumption by the number of people in a given region (Stoecker 
and Li, 1988). This technique does not necessarily represent reality. The 
quantity demanded of agricultural products is affected by their prices. 
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Production levels have significant effects on prices. Thus, the levels of 
production determined have an impact on the quantity demanded through 
prices (AI-Turki, 1986). 
Although the fixed demand models can be used for different economic 
analysis, their objective function specification fails to simulate the competitive or 
monopolistic market forms. Therefore , this type of modelling is considered as 
an extension of the normative farm planning model. The dual solution of this 
specification is sometimes used to discuss supply prices, but market equilibrium 
prices can not be obtained (Kutcher and Norton, 1982; Hazell and Norton, 
1986). 
Sector programming models can not successfully simulate market 
equilibriums without the introduction of downward-sloping product demand 
curves. Endogenizing demand allows the model to more closely correspond to 
how market equilibriums are determined. 
Frjce Endogenous Models 
Agricultural policy analysts have long used price endogenous sector 
models. Such models follow the surplus maximization approach familiarized by 
Samelson (1952), Takayama and Judge (1964a, 1964b, 1971 ), and Dulay and 
Norton (1975). 
The notion that an optimization problem could be stated so as to 
simulate, or describe, the market behavior of economies was introduced by 
Samelson (1952). Samelson showed that the maximization of a single function 
(the sum of producer and consumer surpluses or the "net pay off" function) 
induces the model to replicate a competitive equilibrium in a single-product 
market. The objective function no longer reflects the behavior of an agent, e. g. , 
producer, but leads to a market equilibrium. akayama and Judge (1964a, 
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1964b) extended Samelson's concept to trade between spatially separated 
markets. Under the assumptions of the existence of price-dependent linear 
demand and supply functions, and with appropriate constraints, the Takayama-
Judge model leads to a competitive equilibrium solution in prices and quantities 
for all commodities in all regions. 
The objective function in this formulation is nonlinear, price times quantity 
where both factors are endogenous. Takayama and Judge were the first to 
solve spatial equilibrium problems directly with quadratic programming, and 
under linear, interdependent demand functions. Thus, the problem becomes 
that of maximization of a quadratic objective function subject to a set of linear 
constraints. 
A watershed in this work was reached in the 1970s by Duley and Norton 
(1973, 1975). They used mathematical programming models to simulate 
behavior of a complete agricultural sector. To avoid the difficulties of solving 
quadratic programs they advocated use of the grid linearization technique. This 
approach can approximately linearize the quadratic objective function to any 
desired degree of accuracy and still use an LP simplex algorithm. 
Stochastic production considerations were introduced by Hazell and 
Scandizzo (1974). They introduced risk to the "CHAC" model for Mexico as a 
subjective cost element in the production decision. The result is a significant 
improvement in the predictive ability of linear programming solutions. 
Therefore, in most sector modelling techniques the risk behavior of the farmer is 
accounted for in the objective function. 
At the sector level, all sources of supply and demand for agricultural 
products, including exports and imports, are incorporated in the model. 
Domestic demand functions are determined econometrically , and are 
subsequently incorporated in the model. In general, the nature of the partial 
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equilibrium sector model does not incorporate the income effect of the demand 
side. Therefore, demand functions are not income res onsive. 
Following the Hazeii-Norton notations, a typical price endogenous sector 
model in its most general form may be written as: 
[
Sum of producer] 
and consumer 
surplus 
such that 
I Area under l 
= demand curve 
lor gross revenue J 
Oj- Sj ~ 0 for all j (commodities) 
~ akj Xj = ~ (akjiYj) Sj ~ bk for all k (resources) 
I I 
Oj. Sj;;::O 
(3-1) 
I Area under supply l 
-l curve or marginal J 
cost of production 
where Yi is the yield of commodity j per unit of activity Xj. The maximization of 
producer and consumer surpluses is conditioned by three general 
considerations: (1) commodity balance which states that sales of commodity j, 
Oj, must not exceed its production, Sj; (2) resource k required for the production 
activities, Xj, can not exceed its availability, bk; and (3) non-negativity constraint 
in commodity demand and supp y. 
The maximand in the above formulation implies that the sector is 
composed of competitive micro units, none of which can individually influence 
output or factor prices, and that all producers are motivated by profit 
maximization . This typical model can be solved with quadratic programming 
algorithms such as MINOS (Murtagh and Saunders, 1977) . 
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Hazell and Norton (1986) presented the technical steps for efficiently 
linearizing the quadratic objective function presented above so the model can 
be solved as a linear programming problem. McCarl and Tice (1982) stated 
"clearly one should approximate" the quadratic programming problem 
especially in some certain cases. It is generally simpler and more reliable to 
approximate large problems with a few quadratic variables. The benefit from 
approximation increases as the model size increases. Further, linear 
programming algorithms are more widely available than nonlinear algorithms. 
In addition to the computational considerations, the linear model has some 
other advantages for model specification. Among its dual variables are 
variables which directly measure consumer surplus. Commodity prices can be 
read directly from the LP solution information on the commodity balance (Norton 
and Solis, 1983). 
l=tle linear programming formulation is illustrated graphically and 
computationally in Hazell and Norton (1986). The demand side of the model is 
built from three pieces of data (if no cross price terms are contemplated): the 
own price elasticity, the initial (base-year) price, and the initial quantity. 
The linearized version of the quadratic model can be outlined as follows: 
Max Z = I. I. Wjs Djs - I. I. c~ X~ 
j s j t 
(3-2) 
[ Area under ] demand curve [ 
Area under] 
- supply curve 
such that 
(i) Commodity balances 
- I.Yjt Xjt + I. 8js Djs ~ 0 all j 
t s 
(ii) Resource constraints 
L.L. akjt Xjt ~ bk 
j t 
(iii) Convex combination constraints 
all k 
L.Djs ~ 1 all j 
s 
(iv) Non-negativity constraints 
Xjt. Djs ;:::: 0 all j, t, s 
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T-his linearized approximation model includes a linear objective function 
both in terms of Wand C(Q), which represent total area under demand function , 
and total cost function respectively, and for each product, a convex combination 
constraint. The symbol Wjs denotes the value of the area under the demand 
curve at points for product j. The symbol Sjs denotes the associated quantities. 
The sum of the variables Djs overs must not exceed unity in value. They are the 
choice variables regarding position on the demand curve. The convex 
combination constraint forces the model's solution to be located on or below the 
demand curve . But it is inefficient to lie below the demand curve, for with the 
same quantity sold a greater value of Z can be attained by being on the demand 
curve. Hence, the convex combination constraint effectively dictates that the 
model's optimal solution will lie on the demand curve, provided of course , it is 
feasible to do so (Hazell and Norton, 1986). 
In the chain of development, several studies have been conducted to 
construct large scale price endogenous agricultural sector models throughout 
the world. On a regional basis, Kutcher and Scandizzo (1981) analyzed the 
-----agricultural sector of northeast Brazil. The California Agricultural Resource 
Model (CARM) was developed at the University of California at Davis by 
Goodman et al. (1985) to replicate the effect of changes in input and output 
prices and changes in the quantity of some resources on agricultural production 
in California. National level models for the agricultural sector were analyzed by 
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Gonzales (1976) for the Philippines to evaluate fertilizer subsidies and rice 
price ceilings, and other policies on the prices, output, employment, and 
income. Jabora and Thompson (1980) developed the Senegalese agricultural 
sector model to evaluate alternative policies and programs for the sector. Le-Si, 
et al. (1983) developed an agricultural sector model for Turkey, and finally 
House (1985) developed the USMP (United . States Mathematical 
Programming) Model. Multiple country models that describe production, 
consumption, and trade of a number of products between several countries 
were developed at the World Bank by Cappi et al. (1978). A selected set of 
price endogenous sector models is presented in Table XII. 
Selected Agricultural Sector Models 
The Dominican Republic Model 
The purpose of the Dominican Republic Agricultural Sector model was to 
evaluate the effects of alternative agriculture policies upon such target variables 
as rural employment, farm income, farm sector income distribution, foreign 
exchange, and agricultural prices. The Dominican Republic model was a joint 
effort of the secretariat for agriculture (SEA) and the United States Agency for 
International Development (USAID) (House et al., 1980). 
The model is limited in coverage to the annual (i. e., no permanent crops 
or livestock) crop subsector. The model delineated the country into three 
regions and four farm sizes. The model consists of over eight hundred 
equations in more than two thousand variables. The model maximizes net 
social welfare (i.e. the sum of producer and consumer surplus). Because of the 
nature of this formulation, demand enters the objective function as area under 
Country Model 
Brazil (Northeast) 
California CARM 
Canada CRAM 
Dominican Republic 
Malaysia TIGER 
Mexico CHAC 
Philippmes MAAGAP 
Senegal 
Tunisia·'-""' 
Turkey TASMI 
TASMII 
TARP 
u.s. USMP 
Table XII 
SELECTED PRICE ENDOGNEOUS AGRICULTURAL 
SECTOR PROGRAMMING MODELS 
Comments 
Simulate the impact of certain policies including policies of 
technical progress, employment via wage subsidies, and 
agrarian reform. Recognizes farm s1ze. 
600 cropping activities spreading over 14 production subregions. 
Emphasizes fruits and vegetables. No livestock subsector. 
A spatial LP model with crop and livestock activities separated 
-. on a regional and provincial basis. Allows interregional trade. 
Emphasizes regional and farm size delineations. 
Traces the impact of rice-bean pricing polic1es on income. 
An ex-post analysis of regional investment project to show effect of 
new technology on farm income and employment, especially 
good in the treatment of mechanization and draft power. 
The first and largest sector-wide model to use downward-sloping 
demand and grid linearization. 
National level model, no regional delineation. A policy impact 
analysis model which can be characterized as a production-
processing-d1stribut1on model with demand linkages. 
A fa1rly small model of 10 commod1t1es in a traditional subsistent 
type of farming. The model1s designed to assist policy make~s 
to analyze impacts of substitution policy. 
A national model with regional delineations, developed to arrive 
at a demonstration framework for policy analysis, especially good 
in the treatment of livestock choices. 
. Three models share major features including analysis of 
comparative advantage, pricing polic1es, regional delmeat1on 
and livestock subsectors. 
A large size spatial and market equilibnum model des1gned for 
oolicv 1moact analvs1s accountina for risk .... 
·Reference 
Kutcher and Scand1zzo (1981) 
Goodman et al. (1985) 
Webber et al. (1986) 
House et al. (1980) 
Bell, Hazell,. and Slade (1982) 
Dulay and Norton· ( 1973, 1975) 
Gonzales (1976) 
Jabara and Thompson (1980) 
Condos and Capp1 (1976) 
Le-Si et al. (1982) 
Norton and Gencage (1985) 
Cakmak (1987) 
House (1985) 
0> 
VJ 
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the demand curve. For this calculation domestic demand elasticities were used 
to derive the slope for straight line demand curves. 
The Dominican Model solution represents market equilibrium for ten 
major commodities. The model was used to simulate the impact of rice and 
bean price policy on a variety of government objectives including a) self-
sufficiency in beans and rice, b) foreign exchange savings, c) employment in 
agriculture, d) agriculture income, e) small farm income, and f) income 
distribution. 
Price policy was emphasized in attaining the last three objectives 
concerning sector income.. Prices in the base year (1975) were increased by 41 
percent in 5 steps for rice, 32 percent for beans in 4 steps, and 32 percent for a 
joint increase in both rice and beans in 4 steps, respectively. The effects of the 
price changes upon each of the objectives were as follows: 
1. Sector Income. Of all the sim,ulation series, the joint rice and bean 
price increases generated the greatest sector income. For 
corresponding percentage price increases, the rice-only price 
increase generated almost as much sector income as the joint price 
increases. Corresponding beans-only price increases generated 
about half the sector income as the rice-only increases. The rice price 
increases generated substantially more income than the bean price 
increases because the total value of crop production increased 
. - ~ 
substantially more (five times as much as bean value of production). 
2. Small Farm Income. For the joint1 rice-bean price increases, small 
farms tended to increase incomes more than on the medium and 
large farms. ·with the rice-only price increases, sector income 
changes were less pronounced than on small farms. With the bean-
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only price changes, small farms received only marginal sector income 
increases. 
3. Distribution .o.1 Sector Income Among Farm Groups. In none of the 
policy simulations does the distribution of sector income among farm 
groups vary much from the base year pattern. In each set of the 
simulation series, as prices are increased, there is a slight tendency 
for small farms to receive a small additional share of total sector 
income at the expense of the other farm groups. 
lftle Turkish Regional Agricultural Sector Model (TARP) 
In 1980, the Turkish Government adopted an outward oriented 
development strategy which emphasized market forces rather than government 
direction and intervention. The new policy environment raised fundamental 
questions about the future performance of the agricultural sector. 
The Turkish Agricultural Regional Programming Model (TARP) was 
designed to study the impact of changes in resource prices (particularly 
fertilizer) and availabilities and policies on the location, production, and price of 
agricultural commodities. The model maximizes Marshallian surpluses. 
The model was designed to investigate policy related "what if" scenarios 
in a partial equilibrium static framework. TARP is a sector-wide model in the 
sense that it describes total national supply (production and imports) and 
disposition (domestic demand for food, feed, and exports). The production side 
of the model is decomposed into submodels for each of seven geographical 
areas. On the demand side, consumer behavior is regarded as price 
dependent, and thus market clearing commodity prices are endogenous to the 
model. 
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Important features of the model included were: 1) endogenous crop and 
livestock subsectors. The livestock subsector receives inputs from crop 
production and provides animal power for production. 2) Foreign trade was 
allowed for a limited number of commodities. 
In total, the model is based on 34 single annual crops, 12 perennial 
crops, and 7 livestock activities. Taking into account seven producing regions, 
and two production techniques, namely mechanized and non-mechanized crop 
production, the total number of activities specified in the model is 831 . 
To trace the effect of eliminating fertilizer subsidy on different policy 
targets, the study proposed raising the price of fertilizer by 100 percent relative 
to the original base year price. Phasing out the fertilizer subsidy had significant 
negative effects on the export of industrial crops and the processing of 
agricultural products. The aggregate effects of this policy are presented in 
Table XIII. The immediate effects on production were an upward shift in the 
supply curves for all crops. The cost of production increased and given a 
constant demand for crops (partial equilibrium analysis), the cultivated area and 
production decreased, along with fertilizer use. The significant decline in 
production occurred in industrial crops. This is principally due to a decrease of 
27 percent in cotton and a 3 percent decrease in sugar beet production. Both 
crops utilized considerable fertilizer. 
The aggregate price effects were moderate because of the substitution of 
exports for domestic consumption. However, wheat prices recorded an 
increase of 14 percent over the base year price. 
Conclusion 
The purpose of this chapter was to review major modelling endeavors in 
the profession. The importance and applications of modelling the agricultural 
TABLE XIII 
AGGREGATE EFFECTS OF PHASING OUT 
FERTILIZER SUBSIDY IN TURKEY USING TARP 
Percentage Change From Base Solutiona 
Cultivated area .. 4.6 
Production level -2.8 
Gross value of production -2.8 
Value of consumption -1.5 
Net trade -14.8 
Price index (all crops) +3.3 
Employment -3.0 
a Base solution contains the subsidies~ 
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Source: Cakmak, E. "A Regional Sector Model of Turkish Agriculture: 
- Structure, Validation and Applications." Unpublished Ph.D. 
dissertation, Standford University, 1987. 
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sector were discussed. The capability of tracing the impact (direct and indirect) 
of different policies on different segments of the agricultural sector is of 
significant concern to policy makers. 
Models of market equilibrium vary in technique and purpose. 
Simulation-systems models, econometric models, and mathematical 
programming models represent the core of useful tools to analyze the whole or 
parts of an economy. These economic measurement techniques were 
reviewed with emphasis on their advantages and disadvantages. 
Mathematical programming models appear most appropriate for 
analyzing the Saudi Arabia agricultural sector. 'The appropriateness of 
mathematical programming models arises because of the dynamic nature of the 
agricultural sector and the availability of secondary and survey data. 
Price exogenous as well as price endogenous sector models were 
presented. The superiority of price endogenous model formulation was 
discussed supported by .detailed exampl~s. Use of the price endogenous 
agricultural sector model for policy simulation purposes was presented through 
two country studies. The Dominican Republic agricultural sector model 
analyzed the impact of output price supports for rice and beans. The Turkish· 
regional agricultural sector model analyzed the impact of eliminating the 
fertilizer subsidy. 
CHAPTER IV 
AGRICULTURAL SECTOR MODEL FOR SAUDI ARABIA 
Introduction 
Agricultural sector models provide measurements for economic policy 
' ' 
and have· been developed for different purposes. 
The agricultural sector 'in Saudi Arabia entered a period of dynamic 
growth in the early 1980's. A broad _range of policies was used to pursue 
government goals includil')g interest free loans, subsidies on inputs, and price 
supports for selected commodities such as wheat, barley, and dates. 
The take-off stage in the Saudi agricultural development took place in 
1979 when the gove.rnment initiated a price support policy for wheat of $1000 
~ I < I 
per ton. The respons~ by farmers, businessmen, and agricultural companies to 
this generous poli,cy was substantial. 
Results of the Saud.i agricultural policies however, have brought about 
new policy concerns including hiQ.h government cost, over-production of wheat, 
depleting water resources, and an imbalance of benefits .between large and 
small farms. 
To investigate the impacts of Saudi 8;gricultural policies a quantitative 
sector mo~el is specified. The model assesses the direction and magnitude of 
different instrumental policies. It facilitates policy makers in their evaluation of 
output and inpu.t·p~ice policies introduced in the last decade. 
' ' 
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The need for formal modelling of the Saudi agricultural sector was 
realized in the Second Development Plan for 1975-1980. A decade later, the 
Fourth Development Plan for 1985-1990 reinforced the need for a formal 
program to collect and update information on production costs, record prices of 
principal crops, and assess the different policy impacts on the farming 
population. To the best of the author's knowledge, there have been no 
quantitative sector modelling frameworks implemented by local or international 
agencies for Saudi Arabia. However, a conceptual framework of the agricultural 
sector was developed by AI-Turki (1986). He proposed the first agricultural 
sector model for Saudi Arabia. The AI-Turki model is regional in nature and 
includes temporary crops. It is a price endogenous model allowing different 
scenarios to assess the impact of changing input policies and tracing the 
impacts on selected policy variables. 
The Saudi Agricultural Sector Model proposed in this dissertation is 
designed to evaluate the impact of changing input subsidies and output support 
prices on the agricultural sector. More specifically, it simulates the impact of 
output support price policies by farm size. 
The model replicates the performance of the agricultural sector in the 
base year 1985. The selection of 1985 is a reasonable compromise between 
allowing sufficient time for tracing out the wheat output support price policy 
initiated in 1979 and the concern for severe current data limitations for Saudi 
agriculture. The dynamic growth in Saudi agriculture emphasizes the need for 
research using the most recent years. However, the latest agricultural census is 
for 1982. Time series data on cultivated area and production are available for 
more recent years. Therefore, the selected base year of 1985 allows 
observation for 6 years of wheat harvest after initiation of policy. Wheat 
production increased from 150 thousand metric tons to 2 million metric tons 
-1.'_-~ 
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during the 6 year period between 1979 and 1985 as shown in Table VI of 
Chapter II. 
Specifications of the Model 
The main elements of any agricultural sector model are given in Hazell 
and Norton (1986) as: (1) a description of types of economic behavior (profit 
maximization, risk aversion); (2) production technology available ·to producers; 
(3) resource availability; (4) specification of market environment (perfect 
competition, monopoly, access to interregional or international trade); and (5) 
specification of the policy environment for the sector (subsidies, price supports, 
import -quotas, tariffs). 
These five elements define the sector as an economic unit. The sector 
-
model is price endog~nous with complete specificatiOr:'J of sources of supply 
(domestic production plus imports) and disposition of output (domestic demand 
plus export). 
The basic structure of the Saudi Agricultural Sector Model includes an 
objective function, resource constraints, and commodity balances. Extensi,ve 
' ' 
use is made of demand segment variables, along with associated convex 
ll ' ' 
combination constraints. The production side of the model includes two 
submodels representing small and larg~ ,farm sizes reflecting traditional and 
' ' ' 
commercial farms in Saudi Arabia1 . On ·the demand side, consumer behavior 
is regarded as price dependent, and thu~ market clearing commodity prices are 
endogenous to the model. 
1 Traditional farms are < 20 hectares while commercial farms are~ 20 hectares. 
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Objective Function 
The model maximizes the sum of producers' and consumers' surplus (net 
social welfare). The model assumes that producers and consumers are price 
takers and hence they operate in perfectly competitive markets, where market 
clearing is assured. The objective function is the algebaric sum of the value of 
area under the demand curve, output subsidies, and export revenue, minus 
costs of both purchased inputs and imports. Following the Hazeii-Norton 
notation, the mathematical formulation of the objective function is described as 
follows: 
Max Z = I. I. Wjs Djs + I. I. Sj Yjt Xjt - I. Pt Jt 
j s j t f 
Max 
consumers 
plus 
producers 
surplus 
[ area under ] [ output ] = demand curve + subsidies 
+ I. Pje Ej - I. Pjm Mj 
j j 
[ export ] [· ] + revenue - rmport costs . 
Commodity Balances 
_ [pu_rchased] 
rnputs 
(4.1) 
Commodities produced and imported balance those that are consumed 
locally and exported. The model generates domestic demand and allows for 
export and import at exogenous prices. Commodity balances are represented 
as follows: 
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- L, Yjt Xjt + L, Sjs Djs + Ej - Mj ~ 0 for all j (commodity) (4.2) 
t s 
Input Balances 
The purchased input balance equations equate usage levels with supply 
for all inputs: 
L. L. atjt Xjt - Jt ~ 0 for all purchased inputs 
j t 
[ amount of purchased] I supply of l input used -lpu~chasedJ ~ 0. 
mput 
Resource Constraints 
(4.3) 
Each production activity defines the use of labor, land, and capital per 
activity unit. The resource constraint set ensures that the amount of labor, land, 
and capital used by the agricultural sector is less than or equal to the amount 
available: 
L. L. akjt Xjt ~ bk for all k resources 
j t 
[ amount of resources] < [ available ] used - resources · 
(4.4) 
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Export Limits 
The model allows exports of commodities to certain limits: 
E· < e· J - J. (4.5} 
Government Budget Constraint 
The cost of output support price and input subsidies cannot exceed the 
government budget for the agricultural sector: 
L L Sj Yjt Xjt + L Qt Pt Jt ::; g 
j t f 
[ ] I purchased l output subsidies + l in~u~ J 
subsrdres 
Convexity Constraints 
(4.6} 
[ government budget] ::; for agriculture · 
The model's optimal solution is guaranteed to lie on the demand curve 
provided imposition of the convexity constraint: 
L Djs ::; 1 for all j commodities 
s 
[ sum of demand] [ 1] segments ::; · 
Non-negativity Constraints 
(4.7} 
This constraint ensures that all activities in the model hold positive levels: 
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Definition of Parameters 
Wjs Area under the demand curve for commodity j at segment s 
(SR1 ,000) 
Yjt 
p.e J 
8js 
Yield of crop j, technology t (MT/activity unit) 
Output subsidies(SR/MT) 
Cost of purchased input f (SRIMT) 
Export p~ice of commodity j (f.o.b. SR/MT) 
Import price of commodity j (c.i.f. SR/MT) 
Quantities associated with demand at segment s for product j (MT) 
Purchased inputs required for product j of input f, technology t 
(MT/activity unit) 
Requirement of resource k for product j, technology t (per activity 
unit) 
bk Amount of resource k available (SR 1 ,000) 
-g Government spending in base year 
gf Subsidy proportion for cost of purchased input f (%) 
ej Export limit for commodity j (MT) 
Activities 
Djs Choice variable regarding position on demand curve for product j 
at segments 
Xjt Activity level under crop j, technology t 
Jt Purchased input f (MT) 
Ej Export of commodity j (MT) 
Mj Import of commodity j (MT) 
Commodities (j) 
Wheat 
Fodder 
Other grains · 
Tomatos. 
Cucumber 
Onions· 
Watermelon 
Melon 
Squash 
Okra 
Eggplant 
Carrots 
Other vegetables 
Dates 
Citrus 
Other Fruits 
Resources (k) 
Land 
Labor 
Capital 
Fertilizer 
Other purchased inputs · 
Technologies (t) 
Traditional ...... small 
Commercial ... large 
Data Cpmpo'nents of the Model 
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Data for the model were collected from several sources. The Saudi 
Ministry of Agriculture and Water (MOAW). publications, Ministry of Planning 
(MOP) publications, and·the Saudi Arabian Monetar-Y Agency's (SAMA) annual 
reports were the major national data sources for this research. The United.· 
Stat,es· Department ·of Agric.ulture (USDA), th.e · Food· and Agriculture 
Organization (FAO), and the International Monetary Fund (IMF) are the major 
international sources for data about Saudi Arabia's agricultural economy. 
Data availability (quantity and quality) is a significant problem for 
modelling the Saudi agricultural sector. Cost of production data by type of 
producer are the least available. The MOAW publications seldom have 
enterprise budgets for crops. Such data are obtained only frorn a limited 
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number of research studies. Farm gate prices for different commodities are 
available only up to 1981 in FAO Production Yearbooks. Saudi sources provide 
' -
only retail prices- for some commodities. Furthermore, farm income data and 
production costs using different technologies are, in general, not available. 
' ' -
Land Use 
The cultivated land area by co.mmodity is available in two main sources: 
~ • ¥ ~ 
- ' (1) the census of agriculture by farm size for 19.82 ard (2) an annual sample 
survey of agricultur~, up t~ 1984. Th~e Agri~ultural Statistical Yearbook extends 
~ I ) ' 
the sample survey information to 1986., 
The agricultural census provides land use_ by farm size thus allowing 
definition of crop area:_by small size (i.e. farms of< 20 hectares) and large size 
- ' 
(i. e. farms of ~ 20 he.ctares). Cultivated land area by farm size_ far 1982 is 
shown in Table XIV Unfo~unately, the most recent census data of crop area by 
farm size is limited to the year 1982. 
The Agricultural Statistical Year~ook (MOAW 1986) provides crop area 
according to specialized~ and· 110n-specialized farm types. Specialized farms 
produce one major prop,· e.g. wheat. A modification thus is implemented to 
utilize the statistical yearbook data for updating of census data to the base year 
1985. Allocation of land based on the statistical yearbook definittons is 
' '. .,. ~ ' ~ . 
provided in Table XV _for .. 1982. To allpcate the, 198~ base yefir data by the 
definition of traditional and commercial crop area, the procedure is: 
(1) Compare crop area by :farm type (specialized and non-specialized) 
for 1982 and 1985. Compute the diff,erenc!3 b~tvye~n 1982 and 1985 for both 
' ' ' 
farm types (Table XV). 
TABLE XIV 
CROP AREA ACCORDING TO FARM SIZE, 1982 
(Hectares) 
Crops 
1. Temporary 
a. Grains 
Wheat 
Barley 
Other Grains 
Total Grains 
b. Vegetables 
Tomatoes 
Cucumbers 
Onion 
Watermelon 
Melon 
Squash 
Okra 
Eggplant 
Carrots 
Other Vegetables 
Total Vegetables 
c. Fodders 
2. Permanent 
,Dates 
Citrus 
Other permanent 
Total Permanent 
TOTAL CROPS 
Total 
149,306 
3,094 
120.349 
272,748 
20,243 
3,832 
1,609 
36,785 ' 
8,728 
8,288 
3,216 
11 ,901 
395 
29.124 
124,124 
122,634 
68,568 
1,435 
7.438 
77,441 
596,942 
Traditional 
< 20ha 
24,924 
2,849 
82.324 
110,096 
10,741 
1,599 
285 
9,066 
1,884 
1,339 
1,708 
9,931 
154 
14.418 
51,288 
63,415 
44,844 
833 
5.266 
50,942 
275,540 
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Commercial 
;::: 20ha 
124,382 
243 
38.025 
162,651 
9,503 
2,233 
1,360 
27,719 
6,843 
6,949 
1,509 
1,971 
242 
14.707 
73,036 
59,218 
23,724 
603 
2.173 
26,499 
321,405 
Source: Census of Agriculture According to Farm Size for 1981-1982. MOAW 
1985. 
TABLE XV 
CROP AREA AND CHANGE IN CROP AREA BY SPECIALIZED AND 
NON-SPECIALIZED FARM TYPE (HECTARES), 1982-1985 
1982 1~ Qbsmge from 1982-1985 
Crops Total Specialized Non- Total SpecialiZ«;ld Non- Total Specialized Non-
S~9lized Sgecigli~ed Sgeci§li~~d 
1. Temporary 
a. Grains 
Wheat 151 ,058 -- 16,398 134,660 566,417 294,289 272,128 415,359 277,891 137,468 
Barley 3,121 '3,121 32,276 ~3'.837 8,438 29,155 23,837 - 5,317 
Other Grains 109,86§ 109,866 ~ 44,773 -65,0~~ -65,093 
Total Grains 264,045 16,398 247,647 643,467 318,126 325,339 379,422 301,728 77,692 
b. Vegetables 
Tomatoes 20,376 46 20,330 24,359 300 24,059 3,983 254 3,729 
Cucumbers 1,388 64 1,324 3;140 272 2,868 1,752- 208 1,544 
Onion 1,623 1,623 1,240 1,240 '-383 -383 
Watermelon 28,174 28,174 18,600 18,600 -9,574 -9,574 
Melon 7,309 7,309 5,726 5,726 -1,583 -1,583 
Squash 3,858 3,858 4,080 17 4,063 222 17 205 
Okra 1,227 1,227 3,100 3,100 1,873 1,873 
Eggplant '3,248 3,248 4,148 _4;148 900 900 
Carrots 399 399 1,190 1,190 799 791 
Other Vegetables a2...Z2.e. ____A ~ .2.1..Q§ 2.1...Q§ -11.681 ~ -11.679 
Total Vegetables 100,330 ' 114 100,216 86,630 589 86,039 -13,700 475 -14,177 
c. Fodders 155,032 6,114 148,918 139,050 20,320 118,730 -15,982 14,206 -30,188 
2. Permanent 
Dates 68,583 68,583 63,033 63,033 -5,550 -5,550 
Citrus 1,447 1,447 2,081 2,081 634 634 
Other permanent 7,505 7,505 13.123 13,123 5,618 5,618 
Total Permanent 77,534 77,534 78,237 78,237 702 702 
TotaiCroos 596,942 22.626 574,314 947,383 339,035 608,346 350,441 316,409 34,032 
Source: Agricultural Stat1st1cal Yearbook, MOAW 1986. ......, 
Agricultural Sample Surv_ey, MOAW 1984. CD 
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(2) Add 46 percent of the change in non-specialized crop area by crop 
to the 1982 traditional crop area (Table XVI). This gives an estimate of 
traditional crop area for 1985. 
(3) Total change in specialized area 1982-1985 is added to commercial 
crop area in 1982 (Table XIV). Add 54 percent of the change (1982-1985) in the 
non-specialized crop area to the 1982 commercial crop area. This gives total 
estimates of the commercial crop area for 1985 (Table XVII). 
A further adju~tment of the data is made to agree with the data in the 
Agricultural Statistical Yearbook for 1987. For example, the total wheat area 
calculated from Tables XVI and XVII is 564,665 hectares while the reported 
wheat area in the Statistical Yearbook is 566,417 hectares. The adjusted 
traditional and commercial crop areas for 1985 are presented in Table XVIII. 
Commodity Balances 
Presenting supply and demand equilibrium through commodity balances 
is a basic element in most agricultural sector models that does not appear in 
farm level models. So~rces of domestic supply are frequently shown by region, 
irrigated~ non irrigated, and farm size (small~ large farms). The commodity 
balances ensure that production plus imports (supply) are equal to domestic 
demand plus exports (disposition) for a base year. This study uses 1985 as the 
base year. 
Domestic Commodity Production. Sources of production for this model 
are traditional (small) and commercial (large) farms. Crop area, production, and 
yield by farm size is presented in Tabl~ XIX for 1982. Total production of wheat, 
for example, was 416,750 tons of which 56,100 tons were produced by 
traditional farms of less than 20 hectares and the remainder of 360,650 tons 
TABLE XVI 
TRADITIONAL CROP AREA FOR THE BASE YEAR 
OF 1985 (HECTARES) 
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Crops Crop Multiply Change Estimated Traditional 
Area-Trad. (1982-1985) In Non- Crop Area 
1S82 Specialized Are.a by 46% 1985 
1. Temporary 
a. Grains 
Wheat 24,924 63,235 88,159 
Barley 2,849 2,446 5,295 
Other Grains 82,323 -29,943 52,380 
Total Grains 110,096 35,738 145,834 
b. Vegetables 
Tomatoes 10,741 1,715 12,456 
Cucumbers 1,599 710 73 
Onion 249 -176 73 
Watermelon 9,066 -4,404 4,662 
Melon 1,884 -728 1,156 
Squash 1,339 44 1,443 
Okra 1,708 862 2,570 
Eggplant 9,931 414 10,345 
Carrots 154 364 518 
Other Vegetables 14,417 -5.372 9.045 
Total Vegetables 51,088 -6,521 44,567 
c. Fodders 63,414 -13,886 49,528 
2. Permanent 
Dates 44,844 -2,553 42,291 
Citrus 833 292 1,125 
Other permanent 5,366 2,584 7.850 
Total Permanent 50,942 324 51,266 
Total Crops 275,540 15,65,5 290,248 
TABLE XVII 
COMMERCIAL CROP AREA FOR THE BASE YEAR 
OF 1985 (HECTARES) 
Crops Crop Change Multiply Change 
Area-Commercial in Specialized (1982-1985) in 
Area Non-specialized 
1982 1982 to 1985 Area by 54% 
1. Temporary 
a. Grains 
Wheat 124,382 277,891 74,233 
Barley 243 23,837 2,871 
Other Grains 38.025 -35.15Q 
Total Grains 162,651 301,730 41,954 
b. Vegetables 
Tomatoes 9,503 254 2,014 
Cucumbers 2,233 208 834 
Onion 1,360 -207 
Watermelon 27,719 -5,170 
Melon 6,843 -855 
Squash 6,949 17 111 
Okra 1,509 1 ,011 
Eggplant 1,971 486 
Carrots 242 427 
Other Vegetables 1~.ZQ7 ~ -6.3Q7 
Total Vegetables 73,036 475 -7,656 
c. Fodders 59,218 '14,206 -16,302 
2. Permanent 
Dates 23,724 -2,997 
Citrus 603 342945 
Other permanent 2.1Z3 3,Q34 
Total Permanent 26,499 379 
Total Crops 321,405 316,411 . 18,375 
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Estimated 
Commercial 
Crop Area 
1985 
476,506 
26,951 
2,875 
506,334 
11 '771 
3,275 
1 '153 
22,549 
5,988 
7,077 
2,520 
2,457 
669 
8.396 
65,855 
57,122 
20,727 
5.2Q7 
26,879 
656,188 
TABLE XVIII 
ADJUSTED TRADITIONAL AND COMMERCIAL 
CROP AREA FOR 1985 
Crops Traditional Commercial 
. Area (Ha) Area (Ha) 
1. Temporary 
a. Grains 
Wheat 88,433 477,984 
Barley 5,300 26,976 
Other Grains 42.443 2.330 
Total Grains 136,176 '507,290 
b. Vegetables 
Tomatoes 12,524 ·11 ,835 
Cucumbers 1,298 1,842 
Onion 74 1,166 
Watermelon 3,187 15,413 
Melon 927 4,799 
Squash 691 3,389. 
Okra 1,565 1,535 
Eggplant 3,352 796 
Carrots 519 671 
Other Vegetables 10.915 10,132' 
Total Vegetables 35,052 51,578 
c. Fodders 64,574 74,476 
2. Permanent 
Dates 42,301 20,732 
Citrus 1 '131 950 
Other permanent 7.890 5.2a3· 
Total Permanent 51,322 26,915 
Total Crops 287,124 660,259 
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Total 
Area (Ha) 
566,417 
32,276 
. 44,77a 
643,466 
24,359 
3,140 
1,240 
18,600 
5,726 
4,080 
3,100 
4,148 
1,190 
2l.Q4Z 
86,630 
139,050 
63,033 
2,081 
13,123 
78,237 
947,383 
Crop 
1. Temporary 
a. Grains 
Wheat 
Barley 
b. Vegetables 
Tomatoes 
Cucumbers 
Onion 
Watermelon 
Melon 
Squash 
Okra 
Eggplant 
Carrots 
c. Fodders 
Alfalfa 
2. Permanent 
Dates 
Citrus 
TABLE XIX 
CROP AREA, PRODUCTION, AND YIELD 
BY FARM SIZE, 1982 
Traditional Commercial 
Small Farm < 20 Hectares Large Farm :2: 20 Hectares 
Area Prodctn Yield Area Prodctn Yield Area 
Ha Ton Ton/Ha Ha Ton Ton/Ha Ha 
25,170 56,100 2.28 125,480 360,650 2.87 150,650 
2,870 4,150 1.44 240 360 1.50 . 3,110 
9,540 148,680 15.58 10,870 151 '120 13.90 20,410 
1,613 16,743 10.38 2,253 25,634 11.38 3,866 
250 4,250 17.00 1,400 12,230 8.74 1,650 
9,140 85,290 9.33 27,990 417,660 14.92 37,130 
1,890 22,990 12.16 6,910 109,280 15.81 8,800 
1,35Q. 16,500 12.22 2,500 25,080 10.00 3,850 
1,720 8,850 5.10 1,520 10,410 6.85 3,240 
1,500 1,673 11:15 1,700 26,500 15.59 3,200 
150 2,400 16.00 240 4,670 19.46 390 
4,330 7,630 11,960 
45,200 322,820 7.14 23,930 78,530 3.28 69,130 
840 6,890 8.20 620 2,550 4.11 1,460 
Source: Census of Agriculture, MOAW 1985. 
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Total 
Prodctn Yield 
Ton Ton/Ha 
416,750 2.77 
4,510 1.45 
299,800 14 69 
42,377 10.96 
16,480 9.99 
502,950 13.55 
132,270 15.03 
41,580 10.80 
19,260 5.94 
28,173 8.80 
7,070 18.13 
401,350 5.81 
9,440 6 47 
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was produced by commercial farms. Tnese data are adju~ted by the sample 
survey data to give the 1985 production levels. 
The sample su'rvey data, however, are reported by non-specialized and 
specialized farms (Table XV)._ F,rom the previous results on crop area, the non-
specialized category inciU<;i~s small and large farms. However, the specialized 
category is interpreted to include only larg~ farms. 
The reported ·w~eat yield for 1982 from the census data is 2.28 a~d 2.87 
. . 
tons per hectare for the small ari9 large· farms, respe~ively. ~otal average yield 
is 2. 77 tons per hectare (Table XIX). The yield from the sample su·rv~y for 1982 
is 2.66 and 3.57 tons per hectare for .non-specialized and- specialized,, 
respectively (Table· X~). 
The sample suryey'data for proc;fuction and yield for 1985 are provided in 
Table XXI. Yield for w_heat is 3.05 and 4.96 tons per hectare· for non-specialized 
' . ' 
and specialized farms, respectively. Total yield is 4.04 tons per hectare which 
' . ' 
reflects about a 46 percent increase over the 1982 yield of 2. 77 tons per 
hectare. 
. ' 
The procedure for updating the data in Table_ XIX to 1985 is to utilize the 
information reported in Tables XX and XXI and to arrive ·at the· results presented 
in Table XXII. The method involves splitting the non-specialized category 
i' (> ~ ' 
reported in Table XX. anq XXI into-small (< ~0 h~ctares) and la,rge (:::: 20 
, ,•~ - . ' ~ 
hectares) farm categories. The procedure generates yield levels for traditional 
(small) and commercial (large) farms and total yield in 1985. The. adjusted data 
, . 
for traditional and commercial farms are reported in Table XXII' for 1985. 
. ' 
Domestic Demand. Commodity demand functions are included within 
the structure of the Saudi Agricultural Sector Moc;fel and hence market 
equilibrium prices are determined endogenously by the demand and supply 
TABLE XX 
PRODUCTION AND YIELD DATA BY NON-SPECIALIZED 
AND SPECIALIZED FARM TYPE, 1982 
Crops Production (Ton) Yield (Ton/Ha) 
Non-Specialized Specialized Total Non-Specialized Specialized 
1. Temporary 
a. Grains 
Wheat 358,121 58,614 416,735 2.66 3.57 
Barley 4,508 0 4,508 1.44 
Other Grains 68,203 68,203 0.57 
Total Grains 
b. Vegetables 
Tomatoes 296,510 3,278 . 299,788 14.88 71.25 
Cucumbers 14,399 17,421 31,820 10.76 65.06 
Onion 16,482 0 16,482 10.16 
Watermelon 456,512 0 456,512 16.20 
Melon 124,375 0 124,375 17.00 
Squash 41,496 0 ' 41,496 10.26 
Okra 6,345 0 6,345 5.17 
Eggplant 43,460 0 43,460 12.55 
Carrots 7,114 0 7,114 17.83 
c. Fodders 1,838,060 
2. Permanent 
Dates 399,576 0 399,576 
Citrus ·9,440 0 9,440 
Source: Sample Survey. MOAW Riyadh 19~4. 
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Total 
2.77 
1.44 
0.65 
14.88 
20.92 
10.16 
16.20 
17.00 
10.26 
5.17 
12.55 
17.83 
20.00 
5.83 
6.52 
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TABLE XXI 
AREA, PRODUCTION,· AND YIELD FOR NON-SPECIALIZED 
AND SPECIALIZED FARMS, 1985 
TQTAL NON-SPECIALIZED SPECIALIZED 
- ' 
Area Pr()ducti()n Yield Area Production Yield Area Production Yield 
Ha Mr MT/Ha I'Ja Mr MT/Ha Ha Mr MT/Ha 
Crops 
1. Temporary 
a. Grains 
Wheat 566,418 2,289,995 4.04 272,128 830,794 3.05 294,2891 ,459,201 4.96 
Barley 32,276 120,519 3.73 8,438 20,232 2.40 23,837 100,287 4.21 
b. Vegetables 
Tomatoes 24,358' 326,754 13.42 24,059 292,620 -12.16 300 34,134 113.78 
Cucumbers 3,140 70,417 22.43 - 1,378 36,268 26.32. 272 34,149 125.55 
Onion 1,242' 11,492 9.25 1,242 11,492 9.25 
Watermelon 18,600 37 4,246 20.12 18,600 374,246 20.12 
Melon 5,725 162,613 2·8.40 '5,726 162,613 28.40 
Squash 4,063 45,045 11.09 4,063 45,045 11.09 
Okra 3,130 17,448 5.57 ' 1,1'36 17,448 15.36 
Eggplant 4,147· 39,425 9.51 ,· 4,148 39,425 9.50 
Carrots 1,192 17,380 14.58 1,19? 17,380 14.58 . 
c. Fodders 
Alfalfa 139,050 '119;024 20,027 
Other Fodder 92,93~ 83,179 9,754 
2. Permanent 
Dates 63,033 457,433 7.26 ~3,033 457,443 7.26 
Citrus 2,081 11,14,1 5.54 ,2,081 11,141 5.35 
Total Crops 
Source: Agncultural Statistical Yearbook, MOAW Riyadh 1~87. 
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TABLE XXII 
ADJUSTED CROP AREA, PRODUCTION, AND YIELD BY TRADITIONAL 
AND COMMERCIAL FARMS, 1985. 
Area (Hectares) Produc!Jon (Tons) Yield (Ton/Hectare) 
Trad1tn Commercial Total Trad1tn Commercial Total Trad1tn Commercial Total 
Crops 
1 Temporary 
a Gra1ns 
Wheat 88,433 477,984 566,417 227,098 2,062,897 2,289,995 257 432 404 
Other Grams 47,743 29,306 77,049 112,673 117,224 229,897 236 400 373 
Total Gra1ns 136,176 507,290 643,466 
b Vegetables 
Tomatoes 12,524 11,835 24,359 146,643 180,111 326,754 11 71 15 22 13 41 
Cucumbers 1,298 1,842 3,140 19,569 50,848 70,417 15 08 2760 2243 
Omon 74 1,166 1,240 1,259 10,233 11,492 17 01 878 9.27 
Watermelon 3,187 15,413 18,600 44,193 330,053 374,246 13 86 21 41 2012 
Melon 927 4,799 5,726 21,035 141,578 162,613 2269 2950 2840 
Squash 691 3,389 4,080 9,027 36,018 45,045 13 06 10 63 11 04 
Okra 1,565 1,535 3,100 7,561 9,887 17,448 483 644 563 
Eggplant 3,352 796 4,148 29,698 9,722 39,420 886 12 21 950 
Carrots 519 671 1,190 6,758 10,622 17,380 13 02 15 83 14 61 
Other Vegetables 10,915 10,132 21,047 127,815 154,209 280,024 11 71 15 22 1340 
Total Vegetables 35,052 51,578 86,630 
c Fodders 64,574 74,476 139,050 1,291,480 1,489,520 2,781,000 20 20 20 
2. Permanent 
Dates 42,301 20,732 63,030 373,449 83,994 457,443 883 405 7.26 
CitruS 1,131 950 2,081 7,521 3,620 11,141 665 3 81 535 
Other permanent 7,890 5,233 13,123 52,468 19,938 72,406 665 381 552 
Total Permanent 51,322 26,915 78,234 
Total Crops 287,124 660,259 c 947,383 
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interaction. Extensive use of the grid linearization technique proposed by 
Hazell and Norton (1986) for demand segmentation is implemented. 
Following Hazell and Norton (1986), the steps to linearize the demand 
' 
function and to include the results directly in the objective function are as 
follows: (1) obtain the parameter values for initial prices of crop (Pj0 ), initial 
quantities (Oj0 ), and the own· price el~sticity of demand (TJj). Cross price 
elasticities are not included. (2) Calculate the intercept (aj) and the slope (~j) 
parameters of the linearized inverse demand function as follows: 
A" dPj Pjo > 0 pj - - - -
- dOj - 1li Ojo 
and 
<Xj = Pjo + ~j Ojo > 0. 
(3) Establish the relevant range of the demand function. In most cases the 
prices of the first and the last segments are adequately measured by 50 percent 
and 200 percent of the base year price, respectively. Following this range, (P~, 
J 
P~) = (.5 Pja. 2 Pj0 )are the lower and upper prices used to translate to the 
J . . 
quantity axis: 
u 
I <Xj- p. 
0= ~j j 
I 
Qu 
<Xj- P. 
= j ~j 
(4) Establish the length of segments between points on the demand function. 
u I 
That length depends on Q. and 0. and the number of segments. The selected 
J J 
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number of segments for the Saudi Model is eleven. The segment length is 
obtai ned as follows: 
au- a' 
K- i i J - n - 1 
where n is the number of segments., The 11 quantities on the demand function 
are: 
9jo = a' j 
I 
9j1 = a +K j 
I 
9j2 = a +2K j 
9j1o = 
I u 
a. + 1 o Kj = a ... 
J J 
Finally, the values of Wjs (area under demand curve) and Rjs (revenues) 
are calculated as follows: 
, Wjs 1 2 = a 9js - 2 ~j e js 
Rjs = 
' 2 
a 9js- ~j e js 
Figure 1 represents the area under,the demand curve (Wjs) in relation to 
the demand function in the linearized case.. The choice variables are among 
points 1, 2, and 3 on the Wjs curve. The associated quantities are found on the 
horizontal axes of both diagrams in the figure, and the corresponding prices and 
values of Wjs and Rjs are found on the vertical axes. The model will select one 
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or two of the adjacent specified points on the piecewise linearized frontier but 
not on the envelop Wjs· However, the model cannot choose more than two 
points, otherwise the. solution is not efficient. 
An illustrative example is provided for wheat demand in the Saudi model. 
Kahtani (1989) calculated the wheat parameters as follows: 
Step 1 
Step 2 
Step 3 
Tlj = -0.15 
(thousand tons) 
Pjo = 2.66 (thousand SR/ton) Ojo = 1442.5 
Pjo ~j = - = 0.012 
Tlj Ojo 
Uj = Pjo + ~i Oj = 19.97 
a' = j 
2 Pjo = 5.32 
.5 Pjo = 1.33 
I 
Uj- P. 
I = 1553.3 ~j 
u 
CXj- p. 
__ ..J-1 = 1220.8 
~j 
Price 
a. 
I 
I 
I 
I 
I 
I 
I 
p2 -----~------------
"I 
I 
I 
p3 -----~------------·-------
W,R 
t 
I 
------~-----------~-------1 
----·~------------1 
I 
I 
I 
I _____ _. 
11 
I 
Quantity 
Quantity 
Figure 1. The Demand Function and the Objective Function 
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Step 4 
au- a I 
The segment length is Kj = 1 i1 _ 1 i = 33.25 
and therefore the quantities at each point are 
Sjo = 
8j1 = 
8j2 = 
8j1 0 
Step 5 
I a = 122o.8 
1 a + K = 1254.05 
1 a+ 2K = 1287.3 j 
I 
= a + 1oK = 1553.3 j 
Sample of the objective function entries and quantities are: 
Point 0 
15437.3 
1220.80 
Point 1 
15607.3 
1254.05 
93 
Demand elasticities, initial product prices, and initial quantities for 
selected commodities in the base year, 1985, are provided in Table XXIII. 
A Note on Price Elasticity at the Farm Gate Level. The own price 
elasticity together with the initial price and quantity are the only required 
information to segment a linear demand function. Price elasticity is the ratio 
which expresses the percentage change in quantity associated with a given 
percentage change in price. 
Relationships between price elasticities of demand at various market 
levels (e.g. farm gate or derived level, and retail or primary level) are discussed 
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TABLE XXIII 
RETAIL PRICE E~STICITY, RETAIL PRICE, AND CONSUMPTION 
OF SELECTED COMMODITJES IN 1985,-SAUDI ARABIA 
Kahtani (1989)- Mohamad (1988) 
Reference , 
Retail Price Retail Price 
". ElastiCity At Constant 1985 ·Elasticity At Constant 1985 
1980 Value 'consumption 1980 Value Consumption 
Commodity (1 000 SR/MT) (1 000 MT) (1 000 SR/MT) (1000 MT) 
Wheat (or wheat -d.1'5 2.66 : 1442.5 -0.40 1;73 1500.0 
equivalent) 
Tomatoes -0.51 4.62 373.4 -1.19 4.08 - 486.8 
\ 
Onion -0.81 2.28 124.6 -0.71 3.60 147.0 
Watermelon -0.26 2.61 830.9 
Eggplant -0.34 3.91 40.4 -1,.21 4.38 43.0 
Carrots -0.04 4.77 ' 6.4 
Okra -1.13 10.92 11.5 
Dates -0.14 8.6 ' 386.6 
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in Tomek and Robinson (1982). Three possible cases are considered and 
depend on the behavior of the marketing margin. 
~ 1.;. Constant Marketing Margin 
M = PRr- PFG 
where M represents the marketing margin per unit, PRT is the retail price per 
unit, and PFG is the farm gate price per unit for the respective commodity. In this 
case, the marketing margin per unit is assumed constant regardless of the 
amount marketed of the commodity. The two demand curves at the different 
market levels are parallel and the price elasticity at the farm gate level is 
calculated as follows: 
where EFG and ERT are the price elasticities at the farm gate and retail levels, 
respectively. 
~ 2: Fixed Percentage Marketing Margin 
M =a PRT 
where "a" represents the fixed percentage of the prevailing price. The derived 
demand elasticity at the farm gate level coincides with the primary retail level 
price elasticity. 
Case~ Combination of Constant s.nQ Fixed Percentage Marketing 
Margin 
M = c+aPRT where c;;:: 0 O~a< 1 
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In general, the marketing margin varies directly with the retail price and 
indirectly with the quantity marketed. The specified marketing margin in this 
case includes an absolute amount "c" and a constant percentage "a" of the 
prevailing retail price. 
The price elasticity at the farm gate level in this specification is derived as 
follows: 
EFG = ERT[1 - c J (1-a)PRT 
If a = 0 then the situation is similar to case 1·. 
If c = 0 then the situation is similar to case 2. 
The requirement of a greater than, or equal to zero, value for "c" rules out 
any regression specification of the marketing margin on retail price that results 
in a negative intercept. The equational form of the marketing margin M should 
force a zero or positive ·value for "c". Likewise, if the specification results in a 
negative or a greater than unity value for "a", then a correction is needed. To 
calculate the price elasticities at the farm gate level, the third case outlined 
above will be followed. 
The price elasticity for tomato is used as an example of how the farm gate 
price elasticity is calculated, from the retail price elasticity. The required data are 
presented in Table XXIV. Farm gate price is available only up to 1981 from FAO 
sources. Retail prices, however, are available from Kahtani up to 1985. The 
marketing margin schedule is calculated as the difference in retail price and the 
- ' 
farm gate price from 1973 to 1981. When the marketing margin is regressed on 
* If a = 0 then EFG = ERT (1- pc ) = ERT tfrn_ ) since c = PRT- PFG RT 'PRT 
Year 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
Source: 
TABLE XXIV 
FARM GATE PRICES, RETAIL PRICES, AND MARKETING 
MARGINS FOR TOMATO, 1973-1985 
Nominal CPI Real Real 
Farm Gate 1980 = 100 Farm Gate Retail 
Price Price Price 
(SR/MT) (SR/MT) (SR/MT) 
360 40.2 896 3,360 
420 48.8 861 3,220 
510 65.6 777 3,400 
620 86.4 718 4,100 
760 96.2 790 3,900 
740 94.7 781 4,000 
760 96.4 788 4,180 
810 100.0 810 4,200 
860 102.7 837 4,100 
102.1 803 3,860 
101.5 793 3,810 
100.3 805 3,870 
98.0 761 3,660 
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Marketing 
Margin 
(SR/MT) 
2,464 
2,359 
2,623 
3,382 
3,110 
3,219 
3,392 
3,390 
3,263 
3,057 
3,017 
3,065 
2,899 
Data in first column were obtained from FAO Statistical Printouts. Data 
on CPI were obtained from IMF Statistics. Retail prices were obtained 
from Kahtani (1989). Marketing margin up to 1981 is the difference 
between retail and farm gate price. Marketing margin from 1981-1985 
is calculated by the equation M = 0.7919 PRT· Real farm gate prices 
from 1981-1985 are the difference between the calculated marketing 
margin and the real retail price. 
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retail price, the resulting model is as follows (standard errors of the regression 
coefficients are in parenthesis): 
M = -1 084.97 + 1.072773 PRT 
(15.617) (0.04247) 
R.2 = 0.988 
Results of the regression model show a good fit indicated by the high R2. 
However, c should be ~ 0 and a should be < 1. 
Imposing the restriction of c ~ 0 the following results were obtained: 
M = 0.7919 PRT 
(0.01 026) 
R.2 = 0.92 
The resulting price elasticity at the farm gate level is the same as the retail level 
and equal to -0.51. 
The regression model is also used to forecast farm gate prices from 1981 
to 1985. 
Similar procedures were used to calculate farm gate price elasticities for 
the other commodities. The estimated marketing margin models, price 
elasticities at the farm gate level, and the calculated farm gate prices for the 
different commodities at the base year 1985 are reported in Table XXV. 
Trade. Export and import prices are obtained from FAO sources for Saudi 
Arabia. It is assumed that Saudi Arabia is a small country in the international 
market and therefore a price taker for food commodities. Prices are determined 
internationally and domestic demand and supply adjust accordingly, but not vice 
versa. The border prices are reported in Table XXVI. 
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TABLE XXV 
MARKETING MARGINS, PRICE ELASTICITIES AT RETAIL AND FARM GATE 
LEVELS, AND FARM GATE PRICES FOR SELECTED COMMODITIES 
Crop 
Barley 
Tomatoes 
Onion 
Watermelon 
Eggplant 
Carrots 
Squash 
Melon 
Dates 
IN SAUDI ARABIA, 1985 
Regression Model 
For Marketing Price Elasticity Price Elasticity 
Margin "R2 At Retail At Farm Gate 
-0.31* 
M = 0.79196 PAT 0.92 -0.51 -0.51 
(0.01 025) 
M = 0.60875 PAT 0.77 -0.81 -0.81 
(0.02763) 
M = 120.4827 + 0.65545 PAT 0.52 -0.26 -0.21 
(79.41) (0.23705) 
M = 0.63542 PAT 0.85 -0.34 -0.34 
(0.0211 0) 
M = 0.82433 PAT 0.97 -0.04 -0.04 
(0.02431) 
-1.13* 
-0.57* 
M = 0.840635 PAT 0.97 -0.14 -0.14 
(0.01296) 
* Elasticities were calculated by the author. 
Farm Gate Prices 
For Base Year 
1985 At 
Constant 1980 
Value 
(SR/MT) 
825 
761 
892 
779 
1316 
838 
1557 
2272 
1371 
TABLE XXVI 
IMPORT (C.I.F.) PRICE AND EXPORT (F.O.B.) PRICES FOR 
SELECTED AGRICULTURAL COMMODITIES, 
Commodity 
Wheat 
Barley 
Tomato 
Onion 
Watermelon 
Eggplant 
Dates 
1985, SAUDI ARABIA 
Import Price 
C.I.F. 
482 
666 
576 
616 
SR/ton 
Export Price 
F.O.B. 
865 
--------
--------
--------
956 
--------
1,543 
100 
Source: FAO. Statistical Printouts for Saudi Arabia, 1987. Exchange rate of 
1985 U.S. $1 = SR3.6221 was obtained from IMF Statistics, IMF 
(1988). 
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Quantities imported and exported of selected food commodities are 
included in Table XXVII. Saudi Arabia is importing significant quantities of 
barley, tomatoes, and onions. Saudi Arabia is a trapitional exporter of dates 
and watermelon. 
Resource Use 
The production technologies for the Saudi agricultural sector model are 
- ' ' 
initially specified in fixed proportions of labor, _capital, and land. The production 
' ' ' 
activities and resource constraints fire determined at the national level. for 
traditional (small) and.commercial (lar~e) farms. 
Labor. The to~~:tl compensation ·for labor as incorporated in the model is 
obtained by utilizing the Saudi Social Accounting Matrix (SAM) for 1981. 
:· 
According to the SAM, 40.' percent of the value added in agriculture for the 
' 
' ' ' 
period 1979-82 is attributed t.o labor. Value added in agriculture as reported in 
Table Ill amounted to SR11, 141. million. in 1985. If labor share remains at 40 . 
percent for 1985, then the total compensation to labor in agriculture in 1985 is 
SR4,456.4 million. 
According to the Ministry of Agriculture and Water (MOAW) census, the 
total labor (number) employed .in"the agricultural sector' in ~981 was 680,034 . 
. ' ' 
The accounting of total labor by permanent, temporary, ·and occasional and by 
farm size is given in Table'.XXVI!I. The census data suggests that temporary 
labor work~ 3 to 6 months per year and occasional labor works less ~han 3 
months per year. This represents~a 37 percent and a 12.5 percent of a person 
~ " ! ~ 
year equivalent, respectively. Therefore, total person year equivalents in 1981 
was 363,938. The calculation for the 1985 person year equivalents is provided 
Commodity Production 
Crops 
Temporary 
Grains 
Wheat 2,289,995 
Other Grain 230,004 
Vegetables 
Tomatoes 326,754 
Cucumbers 70,417 
Omon 11,492 
Watermelon . 374,246 
Melon 162,613 
Squash 45,045 
Okra 17,448 
Eggplant 39,420 
Carrots 17,380 
Other Vegetables 282,024 
Permanent 
Fodders 2,781,000 
Fruits 
Dates 457,443 
Citrus 11,141 
Other Fruit 72,406 
TABLE XXVII 
SELECTED COMMODITY BALANCES FOR SAUDI 
ARABIA, 1985 (METRIC TONS) 
Change Total 
Import Export In Stock Available 
115,000 80,000 500,000 1,824,995 
6,651,000 16,000 95,000 6,770,004 
110,301 4,143 432,912 
70,417 
95,708 1,842 105,358 
16,798 30,514 360,530 
10,727 2,059 171,281 
45,045 
17,448 
7,292 176 46,536 
17,380 
136,000 2,424 415,600 
4,368 809 2,784,559 
1,234 24,732 433,945 
279,667 290,808 
294,566 366,972 
Other Uses 
and Statistical 
Consumption Discrepancies 
1,166,306 658,689 
339,000 6,431,004 
437,158 -4,246 
70,417 
110,636 -5,278 
352,388 8,142 
199,651 -28,370 
38,000 7,045 
14,008 3,440 
44,187 2,349 
19,546 -2,166 
415,600 
2,784,559 
429,532 4,413 
290,808 
366,972 
Source: FAO Statistical Printouts about Saudi Arabia. Rome 1988. Grain data on production were obtamed from Statistical Yearbook MOAW 1987, the rest 
of grain data are extracted from USDA Data Base about Saudi Arabia. 
--L 
0 
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TABLE XXVIII 
AGRICULTURAL LABOR BY FARM SIZE IN 
SAUDI ARABIA, 1981 AND 1985 
TemgQra~ LabQr 1961 Q~~af!iQDal LabQr l9Bl IQtal LabQr l9Bl 
Farm Permanenta Person 
Size Labor Year 
1981 Persons Equivalentb 
37% 
. (No.) (No.) (No.) 
Small ( < 20 Ha) 235,202 '7.8,241 29,340 
Large (~ 20 Ha) 57,891 11,537 4,326 
Total 89,777 33,666 
Source: Census of Agriculture, MOAW 1985. Riyadh. 
Definitions and Assumptions: 
Person Person 
Year Year 
Persons EquivaientC ·Persons Equivalents 
- 12.5% 
(No.) (No.) (No.) (No.) 
261,508 32,688 574,950 297,230 
(81.7%) 
35,926. 4,491 105,354 66,708 
(r8.3%) 
297,434 37;179 680,304 363,938 
Person 
Year 
Equivalents 
1985d 
(No.) 
251,013 
56,224 
307,237 
apermanent labor works 6 months or more. The assumption is that permanent is equivalent to one person year. 
bTemporary labor works more than 3 but Jess than 6 months. Therefore, the assumption is that temporary labor is an average of 4.5 
months or the equivalent of 37.5% of a person year. 
coccasionallabor works less than 3 months. Therefore, the assumption is that occasional labor is an average of 1.5 months a year or 
the equivalent of 12.5% of a person year. 
dThe total agricultural employment in 1985 is available from the Ministry of Planning (MOP) Fourth Development Plan 1985-1990. The 
reported 1980 employment is 545,600 and the reported 1985 employment is 617,400. An interpolation of the MOP data is made 
to give a corresponding level for 1981 to compare with the 1981 census data. Using the 1981 census data, proportional means 
were used to estimate 1985 person year equivalents and a distribution between small and large farms. ....... 
0 
w 
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in Table XXVIII and equals 307,237. The person year equivalent for 1985 by 
small and large farms is 251,013 and 56,224, respectively. 
Compensation to labor on an average basis per full-time equivalent is 
calculated by dividing the estimated total compensation for labor in 1985 
(SR4,456.4 million) by the estimated full-time equivalents in 1985 (307,237). 
This gives an estimated annual wage per full-time equivalent of SR14,505. The 
assumption is that labor compensation per full-time equivalent is the same for 
manual labor used on small and large farms. 
Capital. The remaining portion of value added after accounting for the 
compensation to employees is capital rents and operating surplus. The capital 
rents and operating surplus share of GOP for the period 1979-1982 was 60 
percent. If the same share holds for 1985, capital rents and operating surplus is 
SR6,685 million. 
The SAM indicates this portion of value added is the return to land, 
capital, other rents, and profits. A further assumption is made that the 
distribution between compensation to (1) land and water and (2) other rents 
and profits is on a 50-50 basis. That is, land and water rents receive 50 percent 
of the compensation and other (capital) rents and profits (including returns to 
management) receive 50 percent of the compensation. 
CHAPTERV 
DATA SPECIFICATION AND MODEL VALIDATION 
Introduction 
The Saudi Agricultural Sector Model contains a total of 32 crop production 
activities divided equally between traditional and commercial farms. Each crop 
production activity defines a given yield per hectare together with fixed 
proportions of the following factors and purchased inputs: land, labor, fertilizer, 
other capital, and purchased inputs. Livestock activities for traditional and 
commercial producers were defined for purposes of identifying sector resource 
use control totals for the crop activities. 
The commodities produced are distributed between national level 
consumption and export for certain commodities. Domestic final demand 
activities are segmented in the model. Intermediate demands are defined for 
livestock production. Each final demand activity defines the area under the 
demand curve together with a quantity range and convex combination 
constraint set. 
Aggregate Sector Control Totals 
The Saudi agricultural sector control totals for 1985 are presented in Table 
XXIX. Gross revenue in agriculture is disaggregated to agriculture GOP and 
purchased inputs. Agriculture GOP is from Table Ill. Labor and capital are the 
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Category 
Gross Revenue 
Gross Domestic 
Product 
Labor 
Capital 
Land & Water 
Other Capital 
& Surplus 
Purchased Inputs 
Fertilizers 
Other inputs 
TABLE XXIX 
CONTROL TOTALS FOR THE SAUDI AGRICULTURAL SECTOR, 1985 (MILLION SA) 
Traditional Commercial Total 
Crops Livestock Total Crops Livestock Total Crops Livestock 
4,529.02 2,554.67 7,083.69 9,203.54 2,454:49 11,658.03 13,732.56 5,009.16 
3,859.56 1,479.32 5,338.88 4;768.64 1,033.89 5,802.53 8,628.20 2,513.21 
2,876.30 .764.60 3,640.90 725.80 89.70 815.50 3,602.10 854.30 
983.26 714.72 1,697.98 4,042.82 944.19 4,987.03 5,026.10 1,658.91 
587.62 587.62 1,235.67 1,235.67 1,823.29 
395.64 714.72 1,110.36 2,807.17 944.19 3,751.36 3,202.81 1,658.91 
669.46 1,075.35 1,744.81 4,434.91 1,420.60 5,855.51 5,104.37 2,495.95 
74.20 74.20 211.30 211.30 285.50 
595.26 1,075.35 1,670.61 4,223.61 1,420.60 5,644.21 4,818.87 2,495.95 
Total 
18,741.72 
11,141.40 
4,456.40 
6,685.00 
1,823.29 
4,861.72 
7,600.32 
285.50 
7,314.82 
_, 
0 
(J') 
107 
component parts of GOP. Capital, in turn, is allocated to land and water and 
other capital and surpluses. Purchased inputs include fertilizers and other 
inputs. 
The GOP in agriculture for 1985 of SR11, 141.4 million is allocated as 
follows; (i) labor returns of SR4,456.4 million and (ii) capital returns of SR6,685 
million of which SR1 ,823.29 million is for land and water rents and the 
remaining SR4,861.71 million is attributed to other capital and surpluses. Land 
and water rents are determined on a per hectare basis as explained below. 
Other capital and surplus is computed as a GOP residual. 
Purchased inputs of SR7,600.32 million is the difference between gross 
revenue and GOP. Purchased fertilizers SR285.5 million is discussed in Table 
XXXIV. Other purchased inputs are a residual. 
Gross Revenue for Crops and Livestock 
Estimated gross revenue from crops is obtained by multiplying prices of 
commodities by level of production. Results are presented in Table XXX. Other 
grains is calculated on the basis of revenue per hectare for barley. Other 
vegetables and other permanent crops are calculated on the basis of revenue 
per hectare for all vegetables and citrus, respectively. Gross revenue for 
traditional farms amounted to SR4,529.024 million while that for commercial 
farms amounted to about twice as much or SR9,203.543 million. 
Gross revenue for livestock products is provided in Table XXXI. Gross 
revenue for traditional farms from producing livestock products amounted to 
SR2,554.67 million and for the commercial farms amounted to SR2,454.49 
million. 
TABLE XXX 
ESTIMATED GROSS REVENUE FROM CROP 
PRODUCTION IN SAUDI ARABIA, 1985 
TradttiQnal eormm!Iiial 
Prices Production Revenue Production Revenue 
SR/MT MT SR1 000 MT SR1000 
Temporary Crops 
Grains 
Wheat 2,000 227,098 454,196 2,062,897 4,125,794 
Barley 1,600 12,519 20,030 108,000 172,800 
Other Grains 16Q,265 14,91 ~ 
Total Grains 634,491 4,313,506 
Vegetables 
Tomatoes 3,250 146,643 476,590 180,111 585,361 
Cucumbers 3,500 19.569 68,492 50,848 177,968 
Onion 2,750 1,259 3,462 10,233 28,141 
Watermelon 2,250 44,193 99,434 330,053 742,619 
Melon 2,500 21,035 52,588 141,578 353,945 
Squash 4,750 9,027 42,878 36,018 171,086 
Okra 9,000 7,561 68,049 9,887 88,983 
Eggplant 3,250 29,698 96,519 9,722 31,597 
Carrots 2,250 6,758 15,206 10,622 23,900 
Other Vegetables 41Z.488 5:38.698 
Total Vegetables 1,340,706 2,742,298 
Permanent Crops 
Fodders 1,300 1,291,480 1,678,924 1,489,520 1,936,376 
Fruits and Dates 
Dates 2,110 373,449 787,977 83,994 177,227 
Citrus 1,449 7,521 10,898 3,620 5,245 
Other fruits Z6,Q28 28.891 
Total Fruits & Dates 874,903 211,363 
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Total 
Revenue 
SR1 000 
4,579,990 
192,830 
175,177 
4,947,997 
1,061,951 
246,460 
31,603 
842,053 
406,533 
213,964 
157,032 
128,116 
39,106 
956,186 
4,083,004 
3,615,300 
965,204 
16,143 
10~.919 
1,086,266 
Total Crops 4,529,024 9,203,543 13,732,567 
Source: Prices were obtained from Humaidan (1980) and from FAO printouts about Saudi 
Arabia. Production levels were obtained from Table XXII. 
TABLE XXXI 
ESTIMATED GROSS REVENUE FROM LIVESTOCK 
PRODUCTION IN SAUDIA ARABIA, 1985 
Price 
Per Unit Quantity Unit Value 
US$ US$(1 000) 
Beef & Veal (Carcass) 1,831 24,750 Ton 45,317 
Milk (Whole) 806 370,000 Ton 298,220 
Mutton & Lamb 61 5,600,000 Head 341,600 
Poultry Meat 993 250,000 Ton 248,250 
Eggs 2,183 134,064 Ton 292,662 
Camels 546 85,000 Head 46,410 
Sheep milk 403 95,200 Ton 38,366 
Goat meat 30 900,000 Head 27,000 
Goat milk 403 81,950 Ton 33,026 
Camel milk 403 32,000 Ton 12,8~2 
Total Value 1,383,747 
Source: FAO Printouts about Saudi Arabia. 
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Value 
SR(1000) 
164,048 
1,079,556 
1,236,592 
898,665 
1,059,436 
168,004 
138,885 
97,740 
119,554 
46,684 
5,009,164 
Footnote: According to FAO documents, the livestock principle commodities are indexed 
according to their proportional contribution as follows; 
Commodity 
Beef & Milk 
Mutton & Lamb 
Poultry & Eggs 
Camels 
Total 
Salue($1 000) 
343,537 
341600 
540,912 
46,410 
1,272,459 
Percentage 
27 
27 
42 
_.1 
100 
The farm size distribution of the livestock.production in Saudi Arabia is obtained from the Census 
of Agriculture and Water(MOAW). · 
Beef & milk 
Mutton & lamb 
Poultry 
Camel 
Total 
Index of output 
Farm Size· 
Percentage share 
< 20 hectare > 20 hectare 
0.40 0.60 
0.77 0.23 
0.42 0.58 
0.55 0.54 
<20 ha >20ha 
-
Valle 
Of output ($1000) 
343,537 
341,600 
540,912 
46.410 
1,272,459 
Total 
51% 49% 100% 
Accordingly ,the total Gross Revenue of SR5,009.164 million is distributed to small and large 
farms by the same percentages. Therefore, gross revenue from traditional farms is SR2,554.67 
million and for commercial farms is SR2,454.49 million. 
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Land and Water Rents 
Information on actual or imputed land and water rents is not available. 
Per hectare land and water rents is assumed at SR1 ,764 for temporary crop 
land and SR2,464 for permanent crop land. Originally, the study hypothesized 
that total capital rents of SR6,685 million were distribute~ .equally to land and 
water and to other capital and surplus. This would assign a land and water rent 
of SR3,528 per hectare. For some crops, gross revenue would not cover such a 
high land and water rent. 
Crop area by traditional and commercial producers is from Table XXII. 
Land and water rents for traditional producers are calculated as SR587.62 
million and for commercial producers as SR1 ,235.67 million (Table XXXII). 
Labor Returns 
The labor intensity ratio between crops and livestock in the U.S. is 2.13 to 
1.0 for 1985. This is obtained by the following steps: (i) divide crop labor hours 
by crop cash receipts in ,the U.S. Agriculture for 1985,. i.e (2, 170 million 
hours/$74,413 million = 0.029162); (ii) divide livestock labor hours by livestock 
cash receipts in the U.S. Agriculture for 1985, i.e (955 million hours/$69, 780 
million = 0.013686);, (iii) obtain the crop-livestock. labor. intensity ratio by 
dividing (i) by (ii) as follows, (0.029162/0.013686=2.13); (iv) apply these ratios 
to gross revenues in Saudi Arabia (Table XXXIII); and (v) allocate labor returns 
on basis of labor intensities calculated in (iv). 
Returns to labor are SR4,456.4 million in the agricultural sector (Table 
XXIX). This is allocated to traditional and commercial farms according to the 
percentage of person year equivalents obtained in Table XXVIII of 81.7 percent 
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TABLE XXXII 
DISTRIBUTION OF LAND AND WATER RENTS, SAUDI ARABIA, 1985 
Traditignal Commeu;;iel Total 
Temporary Permanent Total Temporary Permanent Total Temporary Permanent Total 
Ha 171,228 115,896 287,124 558,868 101,391 660,259 730,096 217,287 947,383 
Value 
SA million 302.05 285.57 587.62 985.84 249.83 1,235.67 1,287.89 535.40 1,823.29 
Crop area IS from Table XXII. Assumed land and water rents is SR1 ,764/ha for temporary crops and 
SR2,464/ha for permanent crops. 
TABLE XXXIII 
LABOR RETURNS BY FARM SIZE AND MAJOR ACTIVITY, 
SAUDI ARABIA, 1985 
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Category Traditional Commercial 
Crops Livestock Total Crops Livestock Total 
Gross Revenue 
(SR million) 4,529.02 2,554.67 7,083.69 9,203.54 2,454.49 11,658.03 
Labor Intensity Ratio 2.13 1 2.13 1 
Labor Intensity 9,646.82 2,554.67 12,201.49 19,603.55 2,454.49 22,058.04 
(Percent) 79% 21% 100% 89% 11% 100% 
Labor Returns 2,876.30 764.60 3,640.90 725.80 89.70 815.50 
(SR Million) 
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and 18.3 percent, respectively. This gives labor returns of SR3,640.9 million 
and SR815.5 million for traditional and commercial farms, respectively. 
The allocation of labor returns between crop and livestock activities is 
based on relative labor intensities for the same activities in the U.S. (U.S. 
Agricultural Statistics, 1987a) provided in Table XXXIII. 
Fertilizer Purchases 
Information on total fertilizer application for traditional and commercial 
farms is provided in Table XXXIV (FAO 1987). It amounted to 89,440 tons and 
254,560 tons for traditional and commercial farms, respectively. Battal (1986) 
reported fertilizer price in Saudi Arabia of SR830 per ton. Thus fertilizer 
expenditures for 1985 amounted to SR74.2 million and SR211.3 million for 
traditional and commercial farms, respectively. Estimated total purchased 
fertilizers is SR285.5 million for the agriculture sector (Table XXIX). 
Capital and Other Purchased Inputs 
Capital accounts for 60 percent of GOP in agriculture as presented in the 
last column of Table XXIX. After accounting for land and water rents, the 
remaining capital rents of GOP is SR4,861.71 million in 1985. Other capital and 
surpluses includes items such as machinery and equipment and profits. 
Other purchased inputs shown in Table XXIX equal SR7,600.32 million for 
the Saudi agricultural sector in 1985. This includes intermediate purchased 
inputs apart from fertilizers for the base year production activities. 
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TABLE XXXIV 
PURCHASED FERTILIZER BY FARM SIZE, SAUDI ARABIA, 1985 
Total 
Fertilizer Cultivated Fertilizer 
Application Area Application 
Size (MT) (Ha), (MT/Ha) 
Traditional 
<20 Ha 89,440 287,124 0.30 
(percent) 26.0 30.3 
Commercial 
~ 20 Ha 254,460 660,259 0.39 
(percent) 74.0 69.7 
Total 344,000 947,383 0.35 
(percent) ! 100.0 100.0 
Source: Fertilizer Year Book, FAO 1987. Rome. 
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The sum of other capital rents and surpluses and other purchased inputs 
is a residual from gross revenue after accounting for returns to labor, returns to 
land and water, and purchased fertilizers. This residual is divided between 
other capital rents and surpluses and other purchased inputs in relation to the 
aggregate proportions. Allocations are then made to activities of traditional and 
commercial producers as recorded in Table XXIX. 
Activity Budgets 
The budget data included in this research are assembled and discussed in 
this section. Sources of budget data are numerous, thus different sources have 
different definitions. Data reconciliation therefore was inevitable. 
The Ministry of Agriculture and Water published cost of production studies 
for different crops in the middle 1970's and more focused wheat production cost 
studies in the early 1980's. The Saudi Agricultural Bank published a cost of 
production study for wheat by farm size in 1981. Extensive budget data are 
found in the study by Humaidan (1980). Humaidan obtained detailed crop 
budget information from the agricultural experiment station in the AI-Hasa 
region. A paper presented at the annual meeting of the American Agricultural 
Engineers society in Michigan by Nimah et al., (1985a) focused on production 
cost data for high technology wheat projects of different farm sizes in Saudi 
Arabia. Another study by Battal (1986) surveyed selected crops and 
constructed budgets for the AI-Kharj region near the capital city of Riyadh. 
Results of synthesizing budget data for traditional and commercial 
producers are presented in Tables XXXV and XXXVI. The budget data are 
presented in value terms although physical units could be extracted for labor, 
TABLE XXXV 
ACTIVITY BUDGETS FOR TRADITIONAL FARMS IN RIYALS PER ACTIVITY UNIT, 1985 
OTHER WATER- EGG- OTHER- OTHER-
CATEGORY WHEAT GRAINS TOMATO CUCUMBER ONION MELON MELON SQUASH OKRA PLANT CARROTS VEGE. FODDERS DATES CITRUS FRUIT 
Labor 1934 1418 6125 3780 3374 2975 3535 4130 3150 5110 3815 3999 3164 7031 4385 5108 
Capital 
Land& Water 1764 1764 1764 1764 1764 1764 1764 1764 1764 1764 1764 1764 2464 2464 2464 2464 
Other & Surplus 380 27 23895 45624 37077 22218 49624 51980 32069 15950 22097 28409 17020 7715 315 191 
Purchased Inputs 
Fertilizer 542 461 2915 411 2980 3097 897 2980 4600 4015 897 2532 780 1320 1962 1641 
Other 520 106 3359 1201 1555 1131 905 1181 1887 1956 722 1544 2572- 101 510 232 
Gross Revenue 5140 3776 38058 52780 46750 31185 56725 62035 43470 28795 29295 28248 26000 18631 9636 9636 
ACTIVITY BUDGETS FOR TRADITIONAL FARMS IN COEFFICIENT BASIS, 1985 
OTHER WATER- EGG- OTHER- OTHER-
CATEGORY WHEAT GRAINS TOMATO CUCUMBER ONION MELON MELON SQUASH OKRA PLANT CARROTS VEGE FODDERS DATES CITRUS FRUIT 
Labor 0.3763 03755 0.1609 00716 00722 00954 0.0623 00666 0.0725 01775 01302 - 01046 01217 03774 04551 ,05300 
Capital 
Land& Water 0.3432 04672 00464 00334 00377 00566 00311 00284 00406 00613 00602 00461 00948 01323 02557 02557 
Other & Surplus 00739 00072 06279 08644 07931 07125 08748 08379 07377 05539 07543 07428 06546 04140 00327 00198 
Purchased Inputs 
Fertilizer 01054 01221 00766 00078 00637 00993 00158 00480 01058 01394 00306 00662 00300 00708 02036 01703 
Other 01012 00281 00883 00228 00333 00363 00160 00190 00434 00679 0.0246 00404 00989 00054 00529 00241 
--
Gross Revenue 1 0000 10000 1 0000 10000 10000 10000 10000 1 0000 10000 10000 1 0000 10000 1 0000 1 0000 1 0000 1 0000 
_.. 
_.. 
m 
TABLE XXXVI 
ACTIVITY BUDGETS FOR COMMERCIAL FARMS IN RIYALS PER ACTIVITY UNIT, 1985 
OTHER WATER- EGG- OTHER- OTHER-
CATEGORY WHEAT GRAINS TOMATO CUCUMBER ONION MELON MELON SQUASH OKRA PLANT CARROTS VEGE FODDERS DATES CITRUS FRUIT 
Labor 1460 915 5326 2832 3444 1506 2281 2665 2132 4816 2461 3051 2175 4068 1033 1006 
Capital 
Land & Water 1764 1764 1764 1764 1764 1764 1764 1764 1764 1764 1764 1764 2464 2464 2464 2464 
Other & Surplus 3483 1540 31063 88578 12035 39679 66707 40509 46671 24167 28500 42280 15063 593 625 528 
Purchased Inputs 
Ferbhzer 985 838 4893 1420 3236 3986 1631 4418 5465 6644 1631 3703 1715 1320 1304 1309 
Other 948 1343 6419 2006 3666 1238 1367 1137 1928 2292 1262 2368 4583 101 95 214 
Gross Revenue 8640 6400 49465 96600 24145 48173 73750 50493 57960 39683 35618 53166 26000 8546 5521 5521 
ACTIVITY BUDGETS FOR COMMERCIAL FARMS IN COEFFICIENT BASIS, 1985 
OTHER WATER- EGG- OTHER- OTHER-
CATEGORY WHEAT GRAINS TOMATO CUCUMBER ONION MELON MELON SQUASH OKRA PLANT CARROTS VEGE FODDERS DATES CITRUS FRUIT 
Labor 01690 01430 01077 00293 01426 00313 00309 00528 00368 01214 00691 00574 00837 0 4760 01871 01822 
Capital 
Land&Water 02042 02756 00357 00183 00731 00366 00239 00349 00304 00444 00495 00332 00948 02883 04463 04463 
Other & Surplus 04031 02406 06280 09170 04984 08237 09045 08023 08052 06090 08000 07953 05793 00694 01132 00956 
Purchased Inputs 
Ferbhzer 01140 01309 00989 00147 01340 00827 00221 00875 00943 01674 00458 00697 00660 0 1545 0 2362 02371 
Other 01097 02098 01298 00208 01518 00257 00185 00225 00333 00577 00354 00445 01763 00118 00172 00388 
Gross Revenue 10000 10000 10000 10000 1.0000 1 0000 10000 10000 10000 10000 1 0000 1 0000 10000 1 0000 1 0000 1 0000 
_.. 
_.. 
-.....J 
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land and water, and fertilizers by applying prices. Other capital and surpluses 
and other purchased inputs are available only in monetary units. Similarly, crop 
yields per hectare can be extracted by applying crop prices. These yields are 
the same as those contained in Table XXII. 
A few comparisons between traditional and commercial producers are in 
order. Yields per hectare are greater for commercial producers except for 
squash, dates, citrus, and other fruits (see Table XXII). Yield for fodders is the 
same. In general, traditional producers use more labor and less capital, 
fertilizer, and other purchased inputs than do commercial producers. Land and 
water rents per hectare are assumed equal for the two types of producers 
although the rent per unit of production may yary because yield varies. Rents to 
other capital and surpluses (profits) are quite significant for some vegetable 
crops. 
To guarantee that all inputs in the aggregate are used up for traditional 
and commercial farms in the base year production activities, the control totals 
obtained in Table XXIX are imposed on the aggregation of the per activity unit 
budgets presented in Tables XXXV and XXXVI. The per activity unit budgets 
are multiplied by the corresponding crop area reported in Table XXII. For 
example, the wheat labor coefficient reported in Table XXXV amounted to 
SR1 ~934. The corresponding wheat area for traditional farms is 88,433 
hectares reported in Table XXII. Thus the aggregate value of labor payment for 
wheat production by the traditional farms is SR171.03 million. Similarly, the 
labor payment coefficients for the other crops are multiplied by the hectares of 
production to arrive at an aggregate estimate of labor payments for traditional 
and commercial producers. The process is repeated for each input in the 
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activity budget. When the process is completed and the input payments are 
summed across all crop activities, the aggregate sums of input payments 
derived from activity budgets are compared with the control totals given in Table 
XXIX. In all cases except land and water rents, the results from activity budgets 
are different from the control totals. Therefore, the" activity budget data needs to 
' ' ' 
be reconciled to the control total data. The technique used here is the RAS 
iteration method (Miller and" Blair, 1985). The m,ethod, is carried out for 
traditional and commercial crop producers separately because control totals 
exist for each as shown in Table XXIX. 
Because land and water rents are defined to be equal for each activity unit 
of crop production, the first step is to reduce gross returns by the value of land 
and water rents. These values now become the activity or column control totals. 
The row or input contra} totals for labor, fertilizer, other capital and surpluses, 
and other purchased inputs are from T~b_le ,XXIX. The activity budget aggregate 
sums are now forced to be_ reconciled with these column and row control totals 
by means of the RAS iterqtiorr ,method. Using the LOTUS 1-2-3 spreadsheet, 
about a dozen iterations were needed to reconcile the activity budget aggregate 
input sums to the control totals. 
The next step is to put the aggreg·q.te input data _by activity on a per activity 
- ' 
- ' 
unit basis comparabf~ to the activity budgets given in Tables XXXV and XXXVI. 
These results are presented in Tables XXXYII and XXXVIII for traditional and 
commercial farms, respectively. 
' ' ' 
Domestic Demand 
Domestic demand is taken from the commodity balances for the base year 
(Table XXVII). For most commodities, prices are determined endogenously in 
TABLE XXXVII 
RECONCILED ACTIVITY BUDGETS FOR TRADITIONAL FARMS IN RIYALS PER ACTIVITY UNIT, 1985 
OlHER WATER- EGG- OTHER-
CATEGORY WHEAT GRAINS TOMAlO CUCUMBER ONION MELON MELON SQUASH OKRA PLANT CARROTS VEGE FODDERS DATES CITRUS 
Labor 2183 1324 26650 42071 16465 22237 46250 48721 28007 21275 23468 28194 14391 15611 6106 
Csplal 
Land& Water 1764 1784 1784 1764 1764 1784 1784 1784 1784 1784 1764 1784 2484 2484 2464 
Other & Surplus 471 128 2491 2898 24152 1940 2815 3065 3634 1083 1787 2369 3895 248 321 
Purchased llliUIS 
Ferllllzer 44 31 905 324 1034 1652 835 2513 2918 1193 397 1274 253 209 195 
Other 675 530 6244 5710 3376 3607 5060 5988 7159 3480 1873 4849 4997 96 547 
GIQII Revenue 5140 3776 38058 52780 46750 31185 56725 62035 43470 28795 29295 38248 26000 18631 9636 
RECONCILED ACTIVITY BUDGETS FOR TRADITIONAL FARMS IN COEFFICIENT BASIS, 1985 
OlHER WATER- EGG- 01HER-
CATEGORY WHEAT GRAINS TOMATO CUCUMBER ONION MELON MELON SQUASH OKRA PLANT CARROTS VEGE. FODDERS DATES CITRUS 
Labor 04250 03505 07003 07973 03519 07127 08154 07852 06441 07389 08012 07371 05535 08380 06339 
Csplal 
Land&Waler 03435 04672 00484 00334 00377 00565 00311 00284 0.0406 00613 00602 00461 00948 01323 02558 
Other & Surplus 00917 00339 00655 00549 05162 00622 00496 00494 00836 00376 00610 00619 01498 00133 00333 
Purchased 1111Uls 
Ferllllzer 00085 00081 00238 00061 00221 00529 00147 00405 00671 00414 00136 00333 00097 00112 00202 
Other 01313 01403 01641 01082 00722 01158 00892 00965 01646 01209 00640 01215 01922 00051 00568 
GIQII Revenue 10000 10000 10000 1.0000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 
OlHER-
FRUIT 
6525 
2484 
219 
150 
279 
9636 
OlHER-
FRUIT 
06771 
02557 
00227 
00155 
00289 
10000 
....... 
1\) 
0 
TABLE XXXVIII 
RECONCILED ACTIVITY BUDGETS FOR COMMERCIAL FARMS IN RIYALS PER ACTIVITY UNIT, 1985 
011-IER WATER· EGG- OTHER- 011-IER-
CATEGORY WHEAT GRAINS TOMATO CUCUMBER ONION MELON MELON SQUASH OKRA PLANT CARROTS VEGE FODDERS DATES CITRUS FRUIT 
Labor 657 292 3803 10,769 1,798 3,948 9,070 8,708 4,308 4,978 4,329 5,246 786 3,579 677 427 
Caprtal 
Land & Water 1764 1764 1764 1764 1764 1764 1764 1764 1764 1764 1764 1764 2464 2464 2464 2464 
Other & Surplus 2806 987 7739 24039 5401 14381 19313 7083 18644 12684 11645 13019 9893 1463 1637 1761 
Purchased lrputs 
FerbiiZers 138 83 1090 1685 527 3261 2024 4506 3447 2144 896 1987 193 362 267 174 
Other 3265 3278 35064 58359 14644 24828 41584 28422 29807 18125 16985 31152 12664 680 476 695 
Gross Revenue 8640 6400 49465 96600 24145 48173 73750 50493 57960 39683 35618 53166 26000 8546 5521 5521 
RECONCILED ACTIVITY BUDGETS FOR COMMERCIAL FARMS IN COEFFICIENT BASIS, 1985 
011-IER WATER- EGG- OTHER- 011-IER-
CATEGORY WHEAT GRAINS TOMATO CUCUMBER ONION MELON MELON SQUASH OKRA PLANT CARROTS VEGE FODDERS DATES CITRUS FRUIT 
Labor 00762 00456 00769 0 1115 00745 0.0819 01230 01725 0.0743 01254 01215 0 0987 0 0302 04187 01226 00774 
Caprtal 
Land & Water 02044 02754 0 0357 00183 00731 00366 00239 00349 00304 00444 00495 0 0332 00948 0 2883 04463 04463 
Other & Surplus 03251 01542 01565 02488 02238 02985 0 2619 01403 03216 03195 03269 02449 0 3805 01712 02966 03189 
Purchased lrputs 
Ferbllzers 00160 00130 00220 0 0174 00219 00677 00274 00893 0 0595 0 0540 00251 00374 00074 0 0424 00483 00314 
Other 03783 0 5119 0 7089 06040 0 6068 05153 0 5638 05630 05142 04566 04769 0 5859 04871 0 0795 00863 01260 
Gross Revenue 10000 1 0000 1 0000 10000 10000 1.0000 1 0000 1.0000 10000 1.0000 1 0000 1 0000 1.0000 1 0000 10000 10000 
--1. 
1\.) 
--1. 
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the model. Imports and exports for most vegetables are minor except for 
tomatoes, onions, eggplant, and watermelon. Barley and other grains show 
large imports as livestock feed. Structure of the wheat market reflects the 
government wheat policy. Government supports wheat producer prices and 
subsidizes wheat flour prices. 
The segmented demand procedure discussed in Chapter IV is used to 
model domestic consumption. The grid linearization or the segmented demand 
procedures are discussed in Hazell and Norton (1986) and Stoecker and Li 
(1988). It allows direct estimation of the area under the demand curve (ro) and 
the associated quantities consumed for each demand segment. The starting 
parameter values needed for each commodity are: (1) the own price elasticity 
(11}, (2) the initial price (P}, and (3) the initial quantity (Q). The own price_ 
elasticities are reported ir) Table XXXIX. Initial prices are the farm gate prices 
reported in Table XXX. Initial quantities are based on 'domestic consumption in 
the commodity balances reported in Table XXVII. 
Base Model 
A discussion of the base period used for the Saudi Agricultural Sector 
Model is addressed in this section., The 1985 base year data are considered as 
a benchmark for this' research. The main tableau ofthe, Saudi Agricultural 
Sector Model is presented first then the results of the base solution using the 
MPSX algorithm are discussed. 
A portion of the initial tableau of the Saudi Agricultural Sector Model is 
presented in Table, XL. The rows contain four main elements; the objective 
function, resource constraints, commodity balances, and the convex 
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TABLE XXXIX 
OWN PRICE ELASTICITIES, INITIAL PRICES, AND INITIAL QUANTITIES 
FOR AGRICULTURAL CROP COMMODITIES FOR SAUDI ARABIA, 1985 
Own Price Initial Price Initial Quantity 
Commodity Elasticity SR/MT 1000 MT 
Wheat Flour -0.15 2,670 1,166.306 
Other Grains -0.31 1,600 339.000 
Tomato - -0.51 3,250 437.158 
Cucumber -0.51 3,500 70.417 
Onion -0.81 2,750 110.636 
Watermelon -0.26 2,250 352.388 
Melon -0.57 2,500 199.651 
Squash -0.41 4,750 38.000 
Okra -0.25 9,000 14.008 
Eggplant -0.34 3,250 44.187 
Carrots -0.04 2,250 19.546 
Other vegetables -0.51 3,250 415.600 
Dates -0.14 2,110 429.532 
Citrus -0.48 1,449 290.808 
Other Fruits -0.48 1,780 366.972 
Sources: Own price elasticity for wheat flour, tomato, carrots, eggplant, okra, 
onion, watermelon, citrus, and dates were obtained from Kahtani (1989). Own 
price elasticities for barley, melon, and squash were calculated by the author. 
Barley elasticity is used as a proxy for other grains. Tomato elasticity is used as 
a proxy for cucumber and for other vegetables. Citrus elasticity is used as a 
proxy for other fruit. 
Initial prices were obtained from Humaidan (1980) and FAO Printouts for Saudi 
Arabia. 
Initial quantities are from TABLE XXVII. 
Rows 
ObjectiVe Function 
Resource Constraints 
(1) TraditiOnal Farms 
Land 
Labor 
Capital 
Fert1hzer 
~erPurch~l~ 
(2) Commercial Farms 
Land 
Labor 
Caprtal 
Fertilizer 
Other Purch~ Input& 
Commoddy Balances 
Other grains 
TomaloBs 
CucumbBIS 
On10ns 
Watermelon 
Melon 
Squash 
Okra 
Eggplant 
Carrots 
~er vegetables 
Oates 
Crtrus 
~erfruft 
Wheat (TraddiOnal) 
Wheal (Commercial) 
Fodder (Traditional) 
Fodder (Commercial) 
Cxnvex1y Constra1rrt 
TABLE XL 
A PORTION OF THE INITIAL TABLEAU OF THE SAUDI AGRICULTURAL 
SECTOR MODEL (BASE SOLUTION) 
Agrlcuftural ProductJon Acllvlll88 Agr~euftural ProductiOn Acllvdles Demand AciiVIbes 
WHT1 OTHERGRN1 TOM1 • • WHT2 OTHERGRN2 TOM2 ••• OOTHGRN1 OOTHGRN2... • • • • OOTHF11 
1764 
2183 
471 
44 
675 
257 
rTraddlonah IConmerclaD 
1764 
1324 
128 
31 
530 
·236 
1764 
26650 
2491 
905-
6244 
·1171 
1764 
_657 
2806 
138 
3265 
432 
1764 
292 
987 
83 
3278 
-400 
1764 
3803 
7739 
1090 
35064 
'·1522 
1165 02270 
23391 
1213 57428 1451 21523 
249.67 
4550458 
RHS 
Mmumlze 
<= 
<= 
<• 
<-
-
<• 
<= 
<• 
<• 
<= 
<• 
<• 
<• 
<• 
<• 
<= 
<= 
<• 
<• 
<= 
<• 
<= 
<• 
<• 
>= 
>• 
>• 
>• 
CVXOthergralns 1 1 <• 
CVXTomatoes <= 
CVXCucumbeiS <= -
CVXOmons <• 
CVXWatermelons <= 
CVXMelons <= 
CVXSquash <= 
CVXOkra <• 
CVXEggplant <• 
CVXCarrots <= 
CVXOthervegetables <• 
CVXDates <• 
587620 
2876300 
395640 
74200 
595260 
1235670 
725800 
2807170 
211300 
4223610 
108995 
110404 
0 
99144 
-21 858 
37038 
-7045 
-344 
4767 
2166 
133 576 
-27911 
279667 
294 566 
227098 
2062897 
129148 
1489 53 
CVXC1trus <= 1 
CVXOthl!lln!rt!L_ 1 <= 1 
....... 
1\) 
.,J::o. 
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combination constraints. The columns contain production activities, both in 
traditional and commercial, and the segmented demand or national 
consumption activities. The RHS are the constraints or sector control totals. 
For the base model, two general constraints are identified: resource 
constraints and commodity constraints. 
1. Resource Constraints 
The Saudi Agricultural Sector. Model constraints are grouped into 
traditional and commercial resources as follows: 
A Traditional Farm Resources 
(i) Land 
(ii) Labor 
(iii) Capital and Surplus 
(iv) Fertilizer 
(v) Other Purchased Inputs 
B. Commercial Farm Resources 
(i) Land 
(ii) Labor 
(iii) Capital and Surplus 
(iv) Fertilizer 
(v) Other Purchased Inputs 
The two dichotomy resource groups represent resources available to the 
crop sector for the traditional and commercial farms. Right hand side values of 
the specified resources or the upper limits are obtained from Table XXIX and 
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are reported in thousands of units. If factor prices are normalized to one, these 
constraints can be interpreted as physical units. 
2. Commodity Constraints 
Commodity balances for all crops except wheat and fodders are expressed 
as less than or equal to a RHS. The RHS value is calculated as follows: 
- Production + Consumer Demand ::; Imports - Exports 
- Change in Stock - Other Uses and Statistical Discrepancies 
Note that in this formulation trade, other uses (i.e. livestock feed and seed), and 
change in stock are not modelled but are held at the base year levels. 
The wheat and fodder commodity levels are held at the production levels 
for the country in 1985. The model is ordered to replicate the minimum levels of 
wheat and fodder by farm category. Traditional farms are expected to produce 
a minimum of 227,098 metric tons of wheat, while commercial farms produce 
2,062,897 metric tons. Further, traditional and commercial farms are expected 
to produce 1 ,291,480 and 1 ,489,530 metric tons of fodder, respectively. 
Results Of The Base Model 
Because the model is highly constrained in resource use and production of 
certain commodities by farm category the results of the base model solution 
replicate the base year data closely. Results of the base model solution are 
presented in Table XLI. These results are compared to the original data. 
The objective function is maximized at the level of SR19, 120.549 million 
and reflects consumer and producer surpluses. Because wheat and fodder 
TABLE XLI 
BASE MODEL SOLUTION TO THE SAUDI AGRICULTURAL 
SECTOR MODEL WITH COMPARISONS TO 
BASE YEAR DATA, 1985 
Base Year Base 
Variable Data Solution 
ObJective Funct1on (SA million), 19,120 549 
Resource Pnces (SA) 
Trad1t1onal 
1 Land 1000 '1 030 
2. Labor 1.000 1.030 
3 Caprtal 1000 1020 
4 Fertilizer 1000 1090 
5 Other Purch 1000 1 000 
Commercial 
1 Land 1.000 1.030 
2. Labor 1000 1020 
3 Caprtal 1000 1030 
4 Fert1llzer 1000 1 070 
5 Other Purch 1000 1 020 
Farm Income (SA million) 
Trad1t1onal 3859 560 3971 390 
Commercial 4768 640 4904.441 
Commodrty Pnces (SA 1000/mt) 
Wheat 
Traditional 2.000 2.050 
Commercial 2.000 2.051 
Fodder 
TradHional 1300 1329 
Commercial 1300 1.333 
OtherGra1n 1.600 1.643 
Tomatoes 3250 3329 
Cucumbers 3500 3586 
Onion 2.750 2818 
Watermelon 2.250 2312 
Melon 2.500 2563 
Squash 4750 4882 
Okra 9000 9246 
Eggplant 3250 3338 
Carrots 2250 2308 
Other vegetables 3250 3.819 
Dates 2.110 2172 
Citrus 1449 1485 
Otherfrurt 1449 1492 
Activity Levels (1000 ha) 
Wheat 
Traditional 88.433 88 365 
Commercial 477984 477 522 
Fodder 
Traditional 64 574 64574 
Commercial 74476 74477 
Other Gra1ns 
Traditional 47 743 43.517 
Commercial 29.306 29199 
Vegetables 
Traditional 35 052 35 538 
Commercial 51 578 51.335 
Fru1ts 
Traditional 9.021 12935 
Commercial 6.183 5674 
Dates 
Traditional 42 301 41 116 
Commercial 20732 21 821 
Resource Use (million umts) 
Fertilizer 
Traditional 74.200 74200 
Commercial 211 300 211 300 
Other Purchased Inputs 
Traditional 595260 595 260 
Commercial 4223 610 4223 610 
Wheat ProductiOn (1 000 m I) 
Traditional 227273 227 098 
Commercial 2064 891 2062 897 
Total 2292164 2289 995 
Fodder Production (1000 m I) 
Traditional 1291 480 1291 480 
Commerc1al 1489 520 1489 540 
Total 2781000 2781020 
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Index of 
Change 
00300 
00300 
00200 
00900 
00000 
00300 
00200 
00300 
00700 
00200 
00290 
00285 
00250 
00255 
00223 
00254 
00269 
00243 
00246 
00247 
00276 
00252 
0.0278 
00273 
00271 
00258 
01751 
00294 
00248 
00297 
-0 0008 
-0 0010 
00000 
00000 
-0 0865 
-0 0037 
00139 
-0 0047 
04339 
-0 0823 
-0 0280 
00525 
00000 
00000 
00000 
00000 
-0 0008 
-0 0010 
-0 0009 
00000 
00000 
OQQQQ 
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enter as constraints, only producer surplus enters the objective function and not 
the consumer surplus at the dual (shadow) price. 
All resource prices (shadow prices) are slightly higher than base year 
prices except for other purchased inputs used by traditional farmers. The 
highest deviation is the fertilizer price tor, traditional farmers at 1.09 compared to 
1.00. Recall that resource prices are hormalized to 1.00 for the base year. 
Farm income ,is calculated by multiplying the shadow prices of the fixed 
resources, i.e. land, labor, and capital by their endowments. In other words, it 
represents the summat.ion of the multipli?ation of shadow prices times the RHS 
values for land, labor and capital by farm size. Hence, farm income is 
SR3,971 ,390 thousand· and SR4,9.04,441 thousand for traditional and 
commercial farms, respectively. These levels of farm income are compared to 
the base year farm income for crops as presented in the control totals of Table 
XXIX. Note that even though fertilizer and other purchased inputs are 
constrained in the base model, returns to these resources are not included in 
computing farm income. 
Commodity prices are marginally higher for the base model results 
compared to the base year data. Other vegetables price represents the highest 
deviation at 17.5 percent while the. rest of the commodities are in the vicinity of 
2.5 percent over base year data. 
Activity levels are reported i~ thousands of hectares. Wheat and other 
grain area is marginally under estimated by the model results for both traditional 
and commercial farms. Vegetables and fruits are marginally over estimated for 
traditional farms and marginally under estimated for commercial farms. Dates,. 
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on the other hand, are marginally over estimated for commercial farms and 
marginally under estimated for traditional farms. 
Finally, the re~ource use section reveals that all resources are fully used 
with no slack. The model reproduces as specified a priori a fixed amount of 
wheat of 2,289,995 metric tons. The dual price of wheat is slightly higher than 
the support price of SR2,000 per metric ton. The dual prices show SR2,050 for 
tradi~ional producers and SR2,051 for commercial producers. 
Comparative Results 
The model is gradually adjusted to reflect more realistic market 
conditions. Results of the adjustments are traced out through the following six 
scenarios: 
1. Combined wheat balance for traditional and commercial farms 
2. Combined fodder balance for traditional and commercial farms 
3. Combined wheat and . fodder balances for traditional and 
commercial farms 
4. Combined wheat and fodder balances and fertilizer buy activity at 
market price 
5. Combined wheat and fodder balances and other purchased inputs 
buy activity at market price 
6. Combined wheat and fodder balances and fertilizer and other 
purchased inputs buy activities at market price 
The following discussion focuses upon these six specified scenarios and 
their impact on the Saudi Agricultural Sector Model results. 
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1. Combined wheat balance. In this scenario, the two commodity 
balances for wheat by farm type are combined to one row. The RHS value 
becomes the summation of the previous traditional and commercial limits on 
wheat production. This formulation allows wheat substitution among the two 
different farm types. Results of this scenario are presented in Table XLII. 
Results are very similar to the base solution. There is a slight reduction in the 
fertilizer shadow price for traditional farms. Traditional farms produce 2.41 
percent more hectares of wheat and commercial farms produce 0.27 percent 
fewer hectares of wheat. Traditional farms compensate by cutting back in other 
grains by 5.13 percent and commercial farms expand by 4.51 percent. All other 
activities change by less than one percent. 
2. Combined fodder balance. Fodder balances specified in the base 
solution for traditional and commercial producers are combined in one row. 
This allows fodder substitution among farm types. Results of this specific 
scenario are shown in Table XLIII and have no significant changes compared to 
the base solution. Fertilizer prices dropped by 4.6 percent for traditional 
producers and 1 .9 percent for commercial producers. Prices changed by less 
than one percent for all market determined commodities. Traditional farmers 
expanded fodder hectares by 1 .01 percent and reduced marginally fruits, 
vegetables, and other grains. Commercial producers reduced fodder hectares 
by 0.9 percent and increased marginally fruits, vegetables, and other grains. 
Farm income changed very marginally but increased for traditional producers 
and decreased for commercial producers. 
yanab!a 
Ob1ect1ve FunctiOn (SR million) 
Resource Pnces (SR) 
Trad1!1onal 
1 Land 
2. Labor 
3 Caprtal 
4 Fertilizer 
5 Other Purch 
Commercial 
1 Land 
2 Labor 
3 Caprtal 
4 Fertilizer 
5 OtherPurch 
Farm Income (SR million) 
Traditional 
Commercial 
Commodrty Prices (SR 1000/mt) 
Wheat 
Trad1!1onal 
Commercial 
Fodder 
Traditional 
Commercial 
Other Grain 
Tomaloes 
Cucumbers 
Onion 
Watermelon 
Melon 
Squash 
Okra 
Eggplant 
Carrots 
Other vegetables 
Dates 
Citrus 
Otherfrurt 
Activity Levels ( 1000 ha) 
Wheat 
Traditional 
Commercial 
Fodder 
Traditional 
Commercial 
Other Gra1ns 
Tradnlonal 
Commerc1al 
Vegetables 
Traditional 
Commercial 
FrUitS 
Trad1t1onal 
Commercial 
Dates 
Traditional 
Commercial 
Resource Use (million umts) 
Fertilizer 
Traditional 
Commercial 
Other Purchased Inputs 
Tradrt1onal 
Commercial 
Wheat Production (1 000 m t) 
Tradn1onal 
Commercial 
Total 
Fodder Production (1000 m I) 
Traditional 
Commercial 
Total 
TABLE XLII 
BASE MODEL SOLUTION COMPARED TO 
COMBINED WHEAT BALANCE 
Base Current 
So Jut !on S0Jut10n 
19120 549 '19,120 553 
1030 1030 
1030 1030 
1020 1020 
1090 1 080 
1000 1000 
1030 1 030 
1020 1 020 
1.030 1030 
1070 1070 
1020 1020 
3971 390 3971 390 
4904 441 4904441 
2051 
2.050 
2.051 
1329 1330 
1333 1333 
1643 1644 
3329 3330 
3.586 3587 
2.818 2 818 
2.312 2312 
2.563 2563 
4882 4881 
9246 9243 
3338 3338 
2.308 2308 
3819 3819 
2.172 2171 
1485 1485 
1492 1492 
88 365 90.495 
477522 476 255 
64.574 64574 
74477 74477 
43.517 41.285 
29.199 30 516 
35.538 35686 
51 335 51187 
12 935 12.930 
5674 5683 
41.116 41088 
21 821 21 883 
74 200 74200 
211 300 211300 
595260 595 260 
4223 610 4223 610 
227098 232 573 
2062 897 2057 422 
2289 995 2289 995 
1291 480 1291 480 
1489 540 1489 540 
2781 020 2781 020 
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Index of 
Change 
00000 
00000 
00000 
00000 
-0 0092 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00005 
00000 
00008 
00000 
00006 
00003 
00003 
00000 
00000 
00000 
-0.0002 
-0 0003 
00000 
00000 
0.0000 
-0 0005 
00000 
0.0000 
00241 
-00027 
00000 
00000 
-0.0513 
-0 0451 
00042 
-00029 
-0.0004 
00016 
-0 0007 
00028 
00000 
00000 
00000 
00000 
00241 
-0 0027 
00000 
00000 
0.0000 
00000 
Yanabla 
Obj!ICIIve FunctiOn (SA million) 
R!ISOuroe Pnces (SA) 
Trad~lonal 
1 Land 
2 Labor 
3. Capftal 
4 Fertilizer 
5 OtherPurch 
Commercial 
1. Land 
2 Labor 
3 Capdal 
4 FertiliZer 
5 Other Purch. 
Farm Income (SA m~l10n) 
Traditional 
Commercial 
Commodity Pnces (SA 1000/~) 
Wheat 
Traditional 
Commercial 
Fodder 
Traddional 
Commercial 
Other Grain 
Tomatoes 
Cucumbers 
Onion 
Watermelon 
Melon 
Squash 
Okra 
Eggplam 
Carrote 
Other vegetables 
Dates 
Citrus 
Otherlruft 
Activity Levels ( 1000 ha) 
Wheat 
Traditional 
Commercial 
Fodder 
Tradrtional 
Commercial 
Other Gra1ns 
Traditional 
Commercial 
Vegetables 
Tradrtional 
Commercial 
Frufts 
Trad~ional 
Commercial 
Oates 
Traditional 
Commercial 
Resource Use (million unrts) 
Fertilizer 
Traditional 
Commercial 
Other Purchased Inputs 
Traditional 
Commercial 
Wheat ProductiOn (1000 m I) 
Traditional 
Commercial 
Total 
Fodder Production (1000 m t) 
Tradrt1onal 
Commercial 
Total 
TABLE XLIII 
BASE MODEL SOLUTION COMPARED 
TO COMBINED FODDER BALANCE 
Base Current 
SQ!y!pn SgJytJpn 
19120549 19,120 603 
1030 1030 
1.030 1030 
1020 1030 
1090 1040 
1000 1.010 
1oo0 1030 
1020 1020 
1030 1.D20 
1070 1050 
1020 1020 
3971 390 3975 347 
4904441 4876370 
2.050 2053 
2.051 2.051 
1332 
1329 
1333 
1843 1.644 
3329 3.331 
3586 3587 
2.818 2819 
2.312 2310 
2.583 2.563 
4882 4878 
9246 9235 
3338 3335 
2.308 2.307 
3819 3818 
2.172 2.170 
1485 1.485 
1.492 1491 
88385 88385 
477.~ 4n521 
84.574 65226 
744n 73.825 
43517 43498 
29.189 29.210 
35538 34.957 
51335 51 786 
12935 12.560 
5674 6328 
<> 
41.116 41.269 
21.821 21489 
74200 74200 
211300 211.300 
595260 595260 
4223.810 4223.610 
227098" 227098 
2062 897 2062891 
2289.995 2269899 
1291480 1304 520 
1489 540 1476500 
2781 020 2781 020 
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Index of 
Change 
00000 
00000 
0.0000 
00098 
-00459 
00100 
00000 
00000 
·00097 
-00187 
00000 
00010 
-0.0057 
00015 
0.0000 
00023 
-0.0008 
00008 
00006 
00003 
00004 
-0 0009 
00000 
-0.0008 
-00012 
-00009 
-0.0004 
-0.0003 
-00009 
00000 
-00007 
00000 
0.0000 
00101 
-0 0088 
-0 0004 
00004 
-00163 
00088 
-00290 
01153 
00037 
-0 0152 
00000 
00000 
00000 
00000 
0.0000 
00000 
00000 
0.0101 
·00088 
00000 
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3. Combined wheat and fodder balances. Significant changes occurred 
in activity levels when commodity balances were combined for both wheat and 
fodder but farm incomes changed by less than one percent (Table XLIV). 
Wheat production was reallocated from traditional producers to commercial 
producers. Traditional farms gave up about 72 percent of their wheat hectares 
to increases in hectares of fodder and other grains. Traditional farmers also 
marginally decreased areas in fruits and vegetables and increased dates. 
Traditional farms increased area in other grains by 129 percent. 
Commercial farms increased area in wheat by 7.9 percent, decreased 
fodder by 11 percent, and eliminated completely other grains. Commercial 
producers also increased fruits and decreased vegetables and dates. 
Only small changes in resource prices occurred with the exception of 
decreases of 4.6 percent and 1.9 percent in fertilizer dual prices for traditional 
and commercial producers, respectively. Commodity prices changed by less 
than one percent. 
4. Combined wheat and fodder balances and fertilizer buy activity. In 
the process of opening up the model gradually to reflect more realistic 
situations, this scenario emphasizes the fertilizer input market. A fertilizer buy 
activity is included at the normalized price of one. 
Results of this scenario are relatively similar to the previous scenario 
(Table XLV). Fertilizer use increases by about 2.1 percent because of the lower 
TABLE XLIV 
BASE MODEL SOLUTION COMPARED TO COMBINED 
WHEAT AND FODDER BALANCES 
Base Current 
Yanable SoMJon Solu!Jon 
Objective Function (SR million) 19120 549 19120.967 
Resource Prices (SR) 
Tradrtronal 
1 Land 1030 1.030 
2 Labor 1030 1030 
3 Caprtal 1020 1 030 
4 Fertilizer 1090 1040 
5 Other Purch 1000 1.010 
Commercial 
1. Land 1030 1030 
2 Labor 1 02o 1 020 
3 Caprtal 1030 1020 
4 Fertilizer 1.070 1 050 
5 Other Purch 1020 1020 
Farm Income (SR mrll10n) 
Tradttronal 3971 390' 3975 347 
Commercral 4904441 4876 370 
Commodrty Prices (SR 1 000/rrd) 
Wheat 2049 
Traditional 2.050 
Commercral 2.051 
Fodder 1332 
Traditional 1329 
Commercral 1333 
Other Grain 1.643 1640 
Tomatoes 3329 3331 
Cucumbers 3.586 3.587 
Onion 2.818 2.818 
Watermelon 2312 2.308 
Melon 2.563 2.562 
Squash 4.882 4.875 
Okra 9246 9231 
Eggpland 3338 3334 
Carrots 2.308 2.308 
Other vegetables 3819 3.816 
Dates 2.172 2.167 
Citrus 1485 1485 
Otherfrurt 1492 1.488 
Activity Levels (1000 ha) 
Wheat 
Tradrtlonal ' 88 365 25 014 
Commercral 477 522 515 210 
Fodder 
Tradrtlonal 64 574 72.792 
Commercral 74477 66258 
Other Grains 
Traditional 43 517 99 686 
Commercral 29.199 0.000 
Vegetables 
Tradrtronal 35.538 32471 
Commercral 51 335 53404 
Frurts 
Tradrtlonal 12 935 10035 
Commercral 5.674 10 736 
Dates 
Traditional 41 116 43.135 
Commercral 21 821 17.419 
Resource Use (mrllron unrts) 
Fertrllzer 
Tradttlonal 74200 74200 
Commercral 211.300 211 300 
Other Purchased Inputs 
Traditional 595 260 595.260 
Commercral 4223 610 4223 610 
Wheat Productron (1000 m t) 
Tradrtlonal 227098 64.286 
Commercral 2062 897 2225.707 
Total 2289 995 2289 993 
Fodder Production (1000 m I) 
Tradrtronal 1291 480 1455 840 
Commercral 1489 540 1476.500 
Total 2781 020 2781 020 
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Index of 
Change 
00000 
00000 
00000 
00098 
-0 0459 
00100 
00000 
00000 
-0.0097 
-0 0187 
00000 
00010 
-0 0057 
-0 0005 
-0 0010 
00023 
,-0 0008 
-0.0018 
0.0006 
0.0003 
00000 
-0 0017 
-o 0004 
-0.0014 
-0.0016 
-0 0012 
-00009 
-0.0008 
-0 0023 
0.0000 
-0 0027 
-0 7169 
00789 
01273 
-01104 
12907 
-1.0000 
-0 0863 
0.0403 
-02242 
08921 
00491 
-0 2017 
00000 
00000 
00000 
0.0000 
0.1273 
00789 
00000 
0.1273 
-0 1104 
00000 
TABLE XLV 
BASE MODEL SOLUTION COMPARED TO COMBINED 
WHEAT AND FODDER BALANCES AND 
FERTLIZER BUY ACTIVITY 
Base Current 
Vanable Solu!!On SolutiOn 
ObjectiVe Function (SR million) 19120 549 18835 604 
Resource Prices (SR) 
Traditional 
1 Land 1030 1020 
2. Labor 1.030 1030 
3 Cap~al 1020 1030 
4 Fertilizer 1090 1000 
5 OtherPurch 1000 1020 
Commercial 
1 Land 1030 1 030 
2. Labor 1.020 1 030 
3. Cap~al 1030 1 030 
4 Fertilizer 1070 1000 
5 OtherPurch 1020 1 030 
Farm Income (SR m1ihon) 
Traditional 3971 390 3969471 
Commercial 4904 441 4911 699 
Commod~y Prices (SR 1000/~) 
Wheat 2049 
Traditional 2.050 
Commercial 2.051 
Fodder 1333 
Trad1t1onal 1329 
Commercial 1333 
Other Grain 1643 1644 
Tomaloes 3329 3.331 
Cucumbers 3588 3589 
Onion 2.818 2819 
Watermelon 2.312 2304 
Melon 2.563 2563 
Squash 4882 4860 
Okra 9246 9219 
Eggplant 3338 3330 
Carrots 2.308 2307 
Other vegetables 3819 3814 
Da1es 2.172 2164 
CHrus 1485 1485 
Other !run 1492 1496 
ActiVIty Levels (1000 ha) 
Wheal 
Tradrtlonal 88 365 30465 
Commercial 477522 511 968 
Fodder 
TradHJonal 64574 70214 
Commercial 74477 68 837 
Other Gra1ns 
Tradrtlonal 43517 93 581 
Commercial 29199 0000 
Vegetables 
Traditional 35 538 32 665 
Commercial 51 335 53 890 
Fru1ts 
Traditional 12 935 12286 
Commercial 5674 11562 
Dates 
Traditional 41116 43 792 
Commercial 21 821 15 988 
Resource Use (million un1ts) 
Fertilizer 285 500 291539 
Traditional 74 200 
Commerc1al 211 300 
Other Purchased Inputs 
Traditional 595 260 595260 
Commercial 4223 610 4223 610 
Wheat ProductiOn (1000 m t) 
Traditional 227098 78 295 
Commercial 2062 897 2211 702 
Total 2289 995 2289 994 
Fodder Production (1000 mt) 
Traditional 1291 480 1404 280 
Commercial 1489 540 1376 740 
Total 2781 020 2781 022 
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Index of 
Change 
-00149 
-000997 
00000 
00098 
-0 0826 
00200 
00000 
00098 
-0 0000 
-0 0654 
00098 
-0 0005 
-0 0010 
-0 0005 
-0 0000 
00030 
00000 
-00018 
00006 
00008 
00000 
-0 0035 
00000 
-0 0045 
-00029 
-00024 
-0.0004 
-0.0013 
-0 0037 
00000 
-00040 
06552 
00721 
00873 
-0 0757 
11504 
-1000 
-0 0808 
00498 
-0 0502 
10377 
0.0651 
·0 2673 
00212 
00000 
00000 
-0 6552 
00721 
00000 
00873 
-0 0757 
00000 
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price. Traditional wheat activity decreased by 65 percent versus 72 percent in 
the previous scenario. Commercial wheat activity increased by 7.2 percent 
versus 7.9 percent in the previous scenario. 
Changes in farm incof!!e from the base solution are minimal and less 
than changes in. the previous scenario. 
5, Combined wheat and fodder balances and other purchased jnputs 
buy activity. The objective function is significantly lo~er for the current solution 
compared to the base solution because other purchased inputs enter as a buy 
activity with a normalized price of one whereas for the base solution other 
purchased inputs enter as ~ constraint. _ 
In many respects this scenario is closer to the base year data than is the 
base solution model (Table XLVI). Prices of resources, farm incomes, and 
commodity prices are all closer to the base year data. Activity levels in terms of 
crop areas between traditional and comr1'1ercial producers are not as close to· 
base year data as the basic model solution but this scenario is much closer to 
base year data than the previous·. scenario where fertilizer inputs were 
,, 
purchased through a buy activity.· 
Because the other purcha~ed inputs' price in this ~cenario is less than 
" ~ ' ~ 
the corresponding price for the base soJution, the amount of other purchased 
' ' ' 
inputs used expands by 3.6 percent. 
TABLE XLVI 
BASE MODEL SOLUTION COMPARED TO COMBINED 
WHEAT AND FODDER BALANCES AND OTHER 
. PURCHASED INPUTS BUY ACTIVITY 
Base Current 
1/anabla SoMipn SQiutipo 
Objective Function (SR million) 19120.549 14306 1125-
Resource Prices (SR) 
Traditional 
1 Land 1030 1 000 
2 Labor 1030 1 000 
3 Caprtal 1020 1 000 
4 Fertilizer 1090 1.040 
5. Other Purch 1000 1.000 
Commercial 
1. Land 1.030 1000 
2. Labor 1.020 1000 
3 Caprtal 1.030 1010 
4. Fertilizer .1 070 1040 
5 Other Purch 1020 1000 
Farm Income (SR million) 
Traditional 3971 390 3859 560 
Commercial 4904.441 4796 712 
Commodity Prices (SR 1000/rrrt) 
Wheat 2.003 
TradHional 2.050 
Commercial 2.051 
Fodder 1303 
Trad ltlonal 1.:,l29 
Commercial 1.333 
Other Grain 1.643 1.603 
Tomatoes 3.329 3.255 
Cucumbers 3588 3.508 
Onion 2.818 2.755 
Watermelon 2.312 2.260 
Malon 2.563 2507 
Squash 4882 4.770 
Okra 9246 9.039 
Eggplant 3338 3262 
Carrots 2.308 2.256 
Other vegetables 3819 3.734 
Dates 2.172 2.116 
Citrus 1485 1463 
OlharfruH 1.492 1.453 
Activity Levels (1000 ha) 
Wheat 
Traditional 88 365 87967 
Commercial 477522 477.759 
Fodder 
Tradrtlonal 64 574 68.948 
Commercial 74.477 70.102 
Other Grains 
Traditional 43.517 32.801 
Commarclal 29.199 39.462 
Vegetables 
Traditional 35.538 29995 
Commercial 51 335 57217 
FruHs 
Tradrtlonal 12935 17.821 
Commercial 5.674 1902 
Dates 
Traditional 41.116 43.780 
Commercial 21 821 18240 
Resource Usa (million umts) 
Fertilizer 
Tradrt1onal 74.200 74.200 
Commercial 211 300 211.300 
Other Purchased Inputs 4818 870 4992.217 
Traditional 595.260 
Commercial 4223 610 
Wheal Production (1 000 m I) 
Traditional 227098 226075 
Commercial 2062 897 2063 919 
Total 2289.995 2289.994 
Fodder Production ( 1 000 m I) 
Traditional 1291 480 1378 960 
Commercial 1489 540 1402.040 
Total 2781 020 2781 000 
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Index of 
Chango 
·0 2518 
·0 0291 
-0 0291 
·0 0196 
·0 0459 
0.0000 
-0 0291 
·0 0196 
·0 0194 
·0 0280 
·0 0196 
·0 0282 
-0 0220 
·0 0229 
·0 0234 
·0.0196 
-0 0225 
·0 0243 
·0.0222 
·0.0218 
·00224 
-00225 
·0.0218 
-0.0229 
-0.0224 
·0.0228 
-0.0225 
·0.0223 
·0 0258 
·0 0215 
·0.0261 
·0 0045 
00005 
00677 
-0 0587 
·0 2462 
03515 
·0 1560 
0.1146 
03777 
·0 6649 
00648 
·0 1641 
00000 
00000 
00380 
-0 0045 
00005 
00000 
00677 
-0.0587 
00000 
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6. Combined wheat and fodder balances and fertilizer and other 
purchased inputs buying actjvjtjes. The final model validation scenario is to 
combine the wheat balances for traditional and commercial producers, combine 
the fodder balances for the same producer types, and remove fertilizer inputs 
and other purchased inputs q.s constraints by~ adding buy activities at 
normalized prices. Resource prices, farm incomes, and commodity prices are 
very close to the base year data (Table XLVII). By removing the wheat and 
fodder restrictions by type of producer does vary the activity levels of commodity 
production by type of producer. Hence, in this scenario, wheat production shifts 
from traditional producers to commercial producers whereas fodder and other 
grains production shifts in the opposite direction. However, the net effect on 
farm income is minimaL In this scenario, farm income changes by only 0.1 
percent for traditional producers and 0.6 percent for commercial producers 
when compared to the base year data. Further policy analyses in Chapter VI 
are based on this scenario as the validated model rather than the base model 
solution as described earlier.~ 
Base Year Model Validation 
Validation of the model is 'defined as the ability of the model to reproduce 
actual base year values. In addition, validation can lead to identify possible 
inconsistencies in data and structure of the model. .Finally, the validation 
process is used to justify the model's predictive ability to simulate any possible 
exogenous policy changes. 
The literature on validation procedures permit three general conclusions: 
(1) testing and validation are important; (2) validation criterion must depend on 
TABLE XLVII 
BASE MODEL SOLUTION COMPARED TO COMBINED 
WHEAT AND FODDER BALANCES AND FERTILIZER 
AND OTHER PURCHASED INPUTS BUY ACTIVITY 
Base Current 
IJanable SoMpn So!yt1on 
Obfeci!Ve Funct1on (SA m1ll!on) 19120 549 , 18600 811 
Resource Pnces (SA) 
Traditional 
1 Land 1030 1000 
2. Labor 1030 1 000 
3. Caprtal , 1029 1 010 
4 Fertilizer 1090 1 000 
5 Other Purch 1000 1000 
Commercial 
1 Land 1030 1000 
2. Labor 1020 1000 
3 CapHal 1030 1 010 
4 Fertilizer 1.070 1 000 
5 Other Purch 1020 1000 
Farm Income (SA million) 
Trad1!1onal 3971 390, 3863 516 
Commercial 4904441 4796 712 
Commodrty Pnces (SA 1000/rrrt) 
Wheat 2004 
TraditiOnal 2.050 
Commercial 2.051 
Fodder 1304 
TradHional 1329 
Commercial 1.333 
Other Grain 1643 1 603 
Tomatoes 3329 3254 
Cucumbers 3.586 3509 
Onion 2.818 2.754 
Watermelon 2.312 2256 
Melon 2.563 2.506 
Squash 4882 4 756 
Okra 9246 9026 
Eggplant 3338 3259 
Carrots 2.308 2257 
Other vegetables 3819 3.731 
Dates 2.172 2.116 
Citrus 1485 1452 
OtberlruH 1492 1453 
Actlvrty Levels ( 1000 ha) 
Wheal 
Traditional 88365 62.519 
Commercial 477.522 492 899 
Fodder 
Traditional 64574 71.385 
Commercial 74.477 67 685 
Other Gra1ns 
Traditional 43 517 55 718 
Commercial 29.199 25 942 
Vegetables 
Tradrt1onal 35 538 30748 
CommerCial 51 335 57440 
Fru1ts 
Traditional 12.935 14614 
Commercial 5674 7500 
Dates 
Traditional 41 116 45844 
CommerCial 21821 13.739 
Resource Use (m1lllon umts) 
Fertilizer 285 500 290192 
Traditional 74 200 
Commercial 211 300 
Other Purchased Inputs 4818 870 4987 329 
Traditional 595260 
Commercial 4223 610 
Wheat Production (1 000 m 1) 
Traditional 227 098 160 673 
Commercial 2062.897 2129 322 
Total 2289 995 2289 995 
Fodder Production (1000 m I) 
Traditional 1291 480 1427 304 
Commercial 1489.540 1353.706 
Total 2781 020 2781 010 
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Index of 
Change 
-00272 
-0 0291 
-0 0291 
-0 0098 
-0 0826 
00000 
-0.0291 
-0 0196 
-00194 
-0 0654 
-0 0196 
-0 0272 
-0 0220 
-00224 
-0 0229 
-0 0188 
-0 0218 
-0 0243 
-0 0225 
-0.0215 
-00227 
-0 0242 
-0 0222 
-0 0258 
-0 0238 
-0 0237 
-0.0221 
-0 0230 
-0.0258 
00222 
-0 0261 
-0 2925 
00322 
0.1052 
-00912 
02804 
-0 1116 
-01348 
01189 
01298 
03218 
01150 
-0.3704 
00164 
00350 
-0 2925 
00322 
00000 
01052 
-00912 
ooooo 
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the uses of the model; and (3} validation procedures must instill confidence in 
the model on the part of both the analyst and the user of results (Kutcher and 
Scandizzo}. 
Validation begins with a series of comparisons of model results with the 
reported actual values of the variables. Most often, simple comparisons are 
made and measures of deviations are calculated. Production, cultivated area, 
and prices are the comparisons given the most emphasis. There is no 
consensus on the statistic to be used in evaluating the goodness of fit of sector 
models. However, most researchers have used measures such as the mean 
absolute deviation (MAD} or the percentage absolute deviation (PAD}. The 
Theil coefficient also has been employed. 
A rule of thumb suggested by Hazell and Norton for evaluating 
performance of sector models is the following: (1} a PAD below 10 percent is 
good, (2} a PAD of 5 percent would be exceptional, and (3} a PAD of 15 
percent or more indicates the model may need improvement before it can be 
used. 
Validity of the Saudi Agricultural Sector Model is evaluated using the 
percentage absolute deviation (PAD}. Detailed results on the observed and 
simulated levels of traditional and commercial cultivated land are presented in 
Table XLVIII. It is evident that the PAD for the specified test falls below 5 
percent and reflects an excellent fit. 
Production is another variable commonly used in validation tests. For the 
Saudi Agricultural Sector Model the PAD value for production is 4.1 percent, 
reflecting a superior goodness of fit (Table XLVIX}. 
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TABLE XLVIII 
VALIDATION OF THE SAUDI AGRICULTURAL SECTOR MODEL BY 
CULTIVATED CROP AREA IN HECTARES. 
Commodity 
Wheat 
Commercial 
Traditional 
Other Grams 
Commercial 
Traditional 
Tomatoes 
Commercial 
Traditional 
Cucumbers 
Commerc1al 
Traditional 
Om on 
Commercial 
Tradlllonal 
Watermelon 
Commercial 
Traditional 
Melon 
Commercial 
Traditional 
Squash 
Commercial 
Traditional 
Okra 
Commercial 
Trad1t1onal 
Eggplant 
Commercial 
Trad1t1onal 
Carrots 
Commercial 
Traditional 
Other Vegetables 
Commercial 
Traditional 
Fodders 
Commercial 
Traditional 
Dates 
Commercial 
Traditional 
C1trus 
Commercial 
Traditional 
Other Frurts 
Commercial 
Traditional 
Total 
Observed 
Area 
477,984 
88,433 
29,306 
47,743 
11,835 
12,524 
1,842 
1,298 
1,166 
74 
15,413 
3,187 
4,799 
927 
3,389 
691 
1,535 
1,565 
796 
3,352 
671 
519 
10,132 
10,915 
74:476 
64,574 
20,732 
42,301 
950 
1,131 
5~233 
7,890 
947,383 
PAD or the percentage absolute dev1atlon 1s Interpreted as 
Simulated 
Area 
477,522 
88,365 
29,199 
'43,517 
12,981 
11,983 
2,400 
394 
1,630 
98 
17,052 
0 
5,127 
0 
3,356 
598 
2,069 
781 
0 
4,260 
1,093 
0 
5,625 
17,404 
74,477 
64,574 
21,821 
41,116 
0 
0 
5,674 
12,935 
PAD absolute sum of (observed values - simulated values)/lotal observed values 
PAD 
PAD 
PAD 
where 
39528/94 7383 • 1 00 
4_17% 
0 
s 
observed values of vanable X, Product I 
simulated value of var1able X, Product I 
Absolute 
Deviat1on 
462 00 
68.00 
10700 
4,226 00 
1,146 00 
54100 
55800 
90400 
46400 
2400 
1,639 00 
3,187 00 
328.00 
92700 
3300 
9300 
534.00 
784 00 
796 00 
92800 
42200 
51900 
4,507 00 
6489 00 
1 00 
000 
1,089 00 
1,185 00 
950 00 
1,131 00 
441.00 
5,045 00 
39,528 
TABLE XLVIX 
VALIDATION OF THE SAUDI AGRICULTURAL SECTOR 
MODEL BY PRODUCTION LEVELS IN THOUSAND M.T. 
Observed Simulated 
Commodity Production Production 
Wheat 2290.00 2289.99 
Other Grains 230,00 219.50 
Tomatoes 326.75 334.77 
Cucumbers 70.42 62.69 
Onion 11.49 160.19 
Watermelon 374.25 343.09 
Melon 162.61 145.61 
Squash 45.05 43.65 
Okra 17.45 16.05 
Eggplant 39.42 40.66 
Carrots 17.38 15.97 
Other Vegetables 282.02 308.59 
Fodders 2781.00 2781.02 
Dates -457.44 456.92 
Citrus 11.14 0 
Other Fruits 72.41 99.56 
Total 7188.83 
PAD or the percentage absolute deviation is interpreted as: 
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Absolute 
Deviation 
0.01 
10.50 
8.01 
7.73 
148.69 
31.16 
17.01 
1.39 
1.40 
1.24 
1.41 
26.57 
0.02 
0.52 
11.14 
27.15 
293.95 
PAD = absolute sum of (observed values - simulated values)/total observed 
values 
PAD = 
PAD = 
PAD = 
where 
293.95/7188.83 * 100 
4.09% 
0 = observed values of variable X, Product i. 
S = simulated value of variable X, Product i. 
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The price test showed even a better goodness of fit of 3.67 percent, (Table 
L). The simulated prices are the shadow prices of the commodity balances. 
Simulated prices are generally higher than the observed base year prices, but 
their total absolute deviation represent only 3.67 percent of the total observed 
prices. 
The validity of scenario 6 can be examined using the PAD values. 
Scenario 6 shows a superior fit in terms of prices. The total absolute deviation 
represents only 1.25 percent of total observed prices. Production level 
recorded under scenario 6 showed also a very good f!t reflected by a low value 
of PAD of 4.6 percent. Cultivated area absolute deviation from observed data 
represents 14.4 percent of deviation. The rather high magnitude of cultivated 
area PAD value can be attributed to rounding errors in the yield, hectares, and 
monetary valuation of land resource. It should be pointed out that no slack 
variable was reported in the solution. 
The performance of several international agricultural sector models are 
reported in Hazell and Norton. The Saudi Agricultural Sector Model is 
compared to these models in terms of performance on production, crop area, 
and commodity prices. Table Ll summarizes these comparisons. 
The Saudi Agricultural Sector Model has the lowest PAD values for 
production and crop area variables among the eight models considered. This is 
evidence of the validity of the Saudi Model to simulate different policy 
scenarios. 
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TABLE L 
VALIDATION OF THE SAUDI AGRICULTURAL SECTOR MODEL BY PRICE IN 
SAUDI RIYAL PER M.T. 
Observed Simulated Absolute 
Commodity Prices Prices Deviation 
Wheat 2,000 2,050 50 
Other Grains 1,600 1,643 43 
Tomatoes 3,250 3,329 79 
Cucumbers 3,500 3,586 86 
Onion 2,750 2,818 68 
Watermelon 2,250 2,312 62 
Melon 2,500 2,563 63 
Squash 4,750 4,882 132 
Okra 9,000 9,246 246 
Eggplant 3,250 3,338 88 
Carrots 2,250 2,308 58 
Other Vegetables 3,250 3819 569 
Fodders 1,300 1,329 29 
Dates 2,110 2,172 62 
Citrus 1,449 1,485 36 
Other Fruits 1,449 1,492 43 
Total 46,658 1,714 
PAD or the percentage absolute deviation is interpreted as: 
PAD = absolute sum of (observed values - simulated values)/total observed 
values 
PAD = 
PAD = 
PAD = 
where 
1714/46658 * 1 00 
3.67% 
0 = observed values of variable X, Product i. 
S = simulated value of variable X, Product i. 
Model 
Name 
CHAC 
MAAGAP 
TASM 
TARP 
MOCA 
TOLLAN 
TABLE Ll 
VALIDATION MEASURES FOR SELECTED 
AGRICULTURAL SECTOR MODELS 
Country Reference' - Variable 
Mexico Bassoco and- Norton (1983) Production 
Philippines Kunkel et.al (1978) Acreage 
Turkey Le-Si, Scandizzo, and Production 
Kasnakoglu (1982) 
Tu-rkey Cakmak (1987) Acreage 
Production 
N.E. Brazil Kutcher and 
Scandizzo (1981) Production 
{Costa Rica El Salvador 
Guatemala . Cappie et.al (1978) Production 
Honduras 
Nicarugua 
Region of 
Mexico Howell· (1983) Acreage 
Saudi Arabia Current Study Production 
Acreage 
Price 
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PAD 
13.4 
9.4 
7.2 
4.6 
4.7 
8.2 
r·o 12.0 7.1 
9.3 
8.7 
13.9 
4.1 
4.2 
3.7 
CHAPTER VI 
ANALYSIS OF WHEAT PRICE SUPPORT POLICY 
Introduction 
Saudi Arabia's push for wheat production began in the 1980's. The 
Government's decision to move toward self-sufficiency in wheat has three main 
objectives: First, increased wheat output reduces the nation's dependence on 
imports. Second is a desire to distribute petroleum wealth to rural areas 
including small farmers. And third, a thriving wheat growing sector provides 
profits and incentives for new crop land development thus representing a stable 
agricultural base for Saudi Arabia. 
The Government initiated a wheat price support program in 1979 of 
SR3500 ($ 1 000) per ton. Generous input subsidies of 50 percent of cost and 
interest free loans preceded the output price support program and encouraged 
investors to establish commercial wheat farms. The wheat production results 
are impressive but costly. Desert dunes have turned into fertile lands, and 
wheat belts are becoming familiar scenes in certain regions of Saudi Arabia. 
Wheat production increased from 150 thousand tons in 1975 to 2.5 million 
tons in 1986 and is ~xpected to reach 3 million tons in 1990. International 
experts forecast Saudi wheat output to reach 5 million tons by 1995 (Parker, 
1989). Wheat consumption is estimated to be 1.3 to 1.5 million tons per annum 
(USDA 1987b, Mohamad 1988, Kahtani 1989). 
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By 1985 the country reached self-sufficiency in wheat production and 
lowered the wheat price support to SR2000 ($570) per ton. This policy change 
is the result of modern agriculture's most persistent problems experienced 
elsewhere in the World and were inevitable for the Saudi dynamic agricultural 
sector: increasing agricultural surpluses (wheat most obvious), a growing grain 
storage problem, increasing government costs, depleting water resources, and 
benefits accruing disproportionally to large farmers over small farmers. 
An additional policy change was initiated to support barley prices in 1986 
at SR1 000 ($ 265) per ton to encourage large wheat farm projects to allocate 
part of their land to barley production and thus decrease livestock feed imports. 
Results of Decreasing Wheat Price Support 
In this section, discussion focuses on the following areas: purpose of 
comparative static analysis, justification for adjustment of the wheat price 
support, and simulated results of a gradual reduction of the wheat support price. 
Comparative Static Analysis 
Comparative static analysis represents a simulation of the sector's 
behavior to a policy change or a combination of policy changes. The value of 
the parameters or policy variables are changed, one at a time, and cause and 
effect relations in the model are traced out. 
A comparative static analysis requires ?t .least two solutions, a base 
solution and the simulated or current solution. The simulated or current solution 
is obtained by adjusting possible policy instruments (e.g. input-output 
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coefficients, right hand side values, prices) and tracing out the policy outcomes 
after each change. 
It is preferable to address one change at a time and obtain a new solution 
before making further changes. This allows recognition of the effects of each 
policy change. However, when it is desired to simulate the impact of more than 
one instrumental policy variable at the same time, the sector modelling 
technique provides those results including any results of interdependent policy 
effects. 
Justification of Wheat Price Adjustment Policy 
The model is used to reflect the current trend of lowering wheat support 
price policy. The model 'should reflect the goal and interest of the decision 
making body. Since wheat production is above the level of self-sufficiency for 
consumption, wheat stocks are increasing thus increasing storage costs and 
reducing economic efficiency. Export is one channel to reduce stocks. 
However, production costs are high making it difficult for Saudi Arabia to be 
competitive in the international market for wheat. Therefore, producing up to the 
self-sufficiency level for wheat saves government costs and preserves a buffer 
stock for the nation. 
In this regard the Saudi Agricultural Sector Model is used by gradually 
lowering the price support for wheat until the self-sufficiency level of about 1.5 
million tons is approached. 
Wheat Price Support Policy Simulations 
The Saudi Agricultural Sector Model is used to simulate the impact of 
gradual reductions in the wheat support price. The procedure is to change 
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wheat support price by SR200 per metric ton decrements starting from the 
current price of SR2000 per metric ton and until the self-sufficiency level of 1.5 
million tons is achieved. The simulation results reveal that wheat production of 
1.543 million metric tons is approached at the support price of SR1400 per 
metric ton. 
The impact of the simulated wheat support price reductions are 
evaluated with respect to factor input prices, farm incomes, commodity prices, 
activity levels of major commodities, and variable resource cost. The policy 
simulations are the following: 
Simulation 1: wheat support price of SR1800 per metric ton 
Simulation II: wheat support price of SR1600 per metric ton 
Simulation Ill: wheat support price of SR1400 per metric ton 
Simulation I. Results of this simulation are presented in Table Lll. The 
first column presents the base model solution represented by scenario 6 of 
Chapter V. The other solutions simulate the progressive effects of reducing the 
level of wheat price support in the Saudi Agricultural Sector Model. 
Reduction in the wheat price support by about 1 0 percent .or at the level 
of SR1800 per metric ton caused most factor prices to decline. Prices of land 
and capital for both traditional and commercial farms decreased reflecting that 
these factors are less critical as the wheat price support is reduced. This is 
consistent with the Saudi government policy for initially expanding wheat 
production by increasing the wheat price support. Land and water development 
and machinery costs were heavily subsidized by the government thus reducing 
the constraints to wheat producers for land and capital. 
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TABLE Lll 
SAUDI AGRICULTURAL SECTOR MODEL SIMULATION RESULTS 
FOR REDUCED WHEAT PRICE SUPPORT 
Scenano· Simulation Index of Simulation Index of Simulation Index of 
Variable 6 I Change II Change Ill Change 
Objective Function (SR m1ll1on) 18600 811 18200326 -0022 17833283 -0041 17513.734 -0 058 
Resource Pnces (SR) 
Traditional 
1 land 1000 0850 -0.150 0720 -0280 0420 -0580 
2 Labor 1000 1000 0000 0980 -0020 0.980 -0020 
3 Capital 1 010 0460 '-0545' 0000 -1 000 0.000 -1 000 
4 Fertilizer 1 000 1000 0000 1.000 0000 1000 0000 
5 Other Purch 1000 1.000 0.000 1000 0000 1000 0.000 
Commercial 
1 land 1000 0760 -0.240 0580 -0420 0130 -0870 
2 Labor 1 000 1190 0.190 1290 02go 1540 0540 
3 Capital 1 010 0.800 ,-0208 0580 -0426 0500 -0505 
4 Fertilizer 1000 1000 0.000 1000 odoo 1000 0000 
5 Other Purch 1·000 1 000 0000 1 000 0000 1.000 0000 
Farm Income (SR million) 
Traditional 3863 516 3557.771 -Oo7g 3241860 -0161 3065574 -0207 
Commercial 4796712 4048.547 -0.156' 3281.129 -0316 2681 g54 -0441 
Commodity Pnces (SR 1000/mt) 
Wheat '2004 1.800 -0.102 1.600 -0202 1.400 -0 301 
Fodder 1.304' 1.180 -0095 1053 -0 1g2 0.966 -025g 
Other Grain 1.603 1.461 -0.08g 1.324 -0174 1.102 -0313 
Tomatoes 3254 3.121 -0:041 2.939 -0.097 2.900 -0 10g 
Cucumbers '3.509 3386 -0035 3.206 -0086 3.178 -oog4 
Om on 2.754 . 1g79 -0281 1.279 -0536 1 251 -0546 
Watermelon 2256 2.132 -0055 1989 -0118 1 942 -0 13g 
Melon 2506 2414 -0037 2.290 -0.086 2286 -0088 
Squash 4 756 461g -0029 4388 -0077 4357 -0084 
Okra g026 8487 -0060 7871 -0128 7.62:1 -0.155 
Eggplant 325g 3087 -0053 2874 -0118 2.825 -0133 
Carrots 2257 2.129 -0057 1g75 -0125 1932 -0144 
Other vegetables 3731 3.582 -0.040 3375 -oog5 3331 -0107 
Dates 2116 2059 -0027 1961 -0073 1.882 -0 1'11 
C1trus 1452 1242 -0144 1.051 -0276 0,76g -0471 
Other fruit 1453 1224 -0158 1 018 -o2gg 0.717 -0507 
ActiVIty Levels (1000 ha) 
Wheat 
Traditional 6251g 127482 1 03g 106.086 o6g7 123.164 0970 
Commercial 4g2899 35g,756 -0270' 333.150 -0324 283g51 -0424 
Fodder 
Traditional 71365 31.962 -0.552 16494 -076g 0000 -1 000 
Commercial 67685 10708g 0582 122556 0811 13g 051 1 054 
Other Gra1ns 
Traditional 55718 63.754 0.144 106366 0.909 113 045 1 02g 
Commercial 25942 21200 -0.183 0000 -1.000 0.000 -1 000 
Vegetables 
Traditional 30.748 56943 0.852 65837 ' . 1.141 7264g 1363 
Commercial 57440 35529 -0381 30608 -0467 278g1 -0514 
Fru1ts 
Trad1t1onal 14614 0000 -1 000 0000 -1.000 0000 -1 000 
Commercial 7500 45437 5058 54443 625g 63363 7448 
Dates 
Traditional 45844 28.846 -0371 22.758 -0.504 17.368 -0621 
Commercial 13.73g 50.799 2.697 64.073 3663 75.825 451g 
Resource Use (million umts) 
Fertilizer 2go 1g2 282685 -0026 27g6g7 -0036 280324 -0034 
Other Purchased Inputs 4g8732g 432231·1 -0.133 4127754 -0.172 40256g4 -0.193 
Wheat Production (1000 m t) 
Traditional 160673 327628 1 03g 272641 06g7 316 530 0970 
Commercial 212g322 1554144 -0270 143g 209 -0324 122666g -0424 
Total 228g995 1881 772 -0178 1711 850 -0.252 1543.1gg -0326 
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Labor, however, shows opposite trends. Factor price of labor is the same 
for traditional farms but increases for commercial farms .from 1 to 1.19 (a 19 
percent increase). Labor thus is a critical constraint for the commercial farms. 
Because the model formulation allows purchase at market prices for fertilizer 
and other purchased inputs the normalized price remains the same. 
Farm income is reduced due to the reduction in factor prices (rents). 
Income of traditional farms decreased from SR3864 million to SR3558 million (a 
8 percent reduction), while that of commercial farms decreased from SR4797 
million to SR4049 million (a 16 percent reduction). It is evident from this 
simulation that large, farms' income is very sensitive to any change in wheat 
price support level. A ten percent reduction in wheat support price reduced 
large farm income by 16 percent but only reduced small farm income by 8 
percent. The phenomena under focus can be discussed the other way around. 
A ten percent increase in wheat support price generated a 16 percent increase 
in farm income for large farms and half of that amount for small farms. This 
finding is consistent with the discussion in earlier chapters that output support 
policies benefit large farms more than small farms because those policies are 
based on volume of production. 
All commodity prices decreased as a result ofthe wheat support price 
reduction. Land and other resources are reallocated from wheat to other crops. 
Apart from wheat, other crop production increases because of lower opportunity 
costs for land and capital, and hence those commodity prices will decline. This 
is consistent with economic theory, which suggests that, when resource prices 
are lowered, supply functions shift to the right and given constant commodity 
demand functions, commodity prices are reduced. 
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Resource utilization of fertilizer and other purchased inputs reduces. 
Fertilizer use decreased from 290 million units to 283 million units (a 2.6 
percent reduction). Other purchased inputs reduced from 4,987 million units to 
4,332 million units (a 13 percent reduction). 
Wheat production declined substantially from 2,289,995 metric ton to 
1 ,881 ,772 metric ton (a 18 percent reduction). The decreased wheat production 
came about from commercial farms where wheat output d.ecreased from 
2,129,322 metric ton to 1 ,554,144 metric ton (a 27 percent reduction). 
Traditional farms, however, increased. wheat production from 161 ,673 metric ton 
to 327,628 metric ton (a 104 percent increase). 
Traditional farms gave up 37 percent and 55 percent of dates and 
fodders cultivated area, respectively. Fruit production is completely eliminated 
in small farms. However traditional farms redirected more land to other groups 
of crops. Other grain production is given more priority as a result of lowering 
wheat support price. Small farms allocated 14 percent additional land for other 
grains. Vegetable production increased significantly in the new scenario for 
small farms. Eighty-five percent additional land is allocated to vegetables from 
other crops. 
The results for traditional farms are in the direction of more production of 
wheat, other grains, and vegetables and less production of fruits and dates. 
Commercial farms are directing resources away from wheat, other grains, and 
vegetables and towards fodder, fruits, and dates. 
Simulations II and Ill. The purpose of these two simulations is to further 
reduce the wheat support price to SR1600 and SR1400 per metric ton, 
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respectively, and observe the impact on the Saudi agricultural sector. Results 
of the simulations are presented in Table Lll. The impacts of the two simulations 
are quite similar, trendwise, therefore discussion focuses more on the last 
simulation. 
The opportunity cost of land and capital significantly decreases for both 
traditional and commercial farms. In fact, the shadow price on capital is 
reduced to zero for traditional farms reflecting an excess or unused supply. For 
Simulation Ill, land price is reduced by 58 percent for traditional farms and 87 
percent for commercial farms. Labor price, however, is slightly reduced for 
traditional farms but increases significantly for commercial farms. It increased 
from 1.00 to 1.54 (a 54 percent increase), reflecting a significant shortage of 
labor for the commercial farms. As discussed below, commercial farms 
reallocated about 42 percent of their wheat land to other crops including fruits, 
' ' 
fodder, and dates. 
Farm income is lowered for traditional farms from SR3,864 million ,to 
SR3,066 million (a 21 percent reduction). Reduced farm income is greater for 
commercial farms, however, where it declined f~om SR4,797 million to 
SR2,682 million (a 44 percent reduction). The farm income trend is analogous 
to Simulation I for both small and large farms. A 30 percent reduction in wheat 
support price - i.e,. from SR2000 to SR1400 per metric ton - will hurt large farm 
income by almost 44 percent, but will reduce small farm income by only 21 
percent, a level below the wheat support price reduction rate. 
Prices of other commodities continue to decline but with different 
magnitudes. This is because resources are shifted out of wheat into other 
crops. Fruits and some vegetable prices are reduced by half. This group 
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includes citrus, other fruits, and onion, followed by other grains, wheat, and 
fodder. The other commodity prices are reduced by 10 percent or less as a 
reflection of a 30 percent reduction in wheat prices. 
The activity levels change drastically. Most significantly, commercial 
wheat producers reallocate 42 percent of their land to other crops including 
fodders, fruits, and dates. 
Fertilizer use is reduced marginally from 291 to 280 million units (a 3 
percent reduction). Other purchased inputs declined more drastically from 
4,987 million units to 4,026 million units (a 19 percent reduction). 
Wheat production is lowered to 1 ,543 thousand metric tons, a target level 
consistent with self-sufficiency in the Kingdom. The equilibrium quantity of 
about 1.5 million metric tons of wheat is approached using the Saudi 
Agricultural Sector Model at the support price of SR1 ,400 per metric ton. 
Wheat Supply Response 
Agricultural sector programming models generate implicit supply 
response functions for commodities (Hazell and Norton). The supply response 
functions are made explicit by parametric price solutions of the model. In the 
Saudi Agricultural Sector Model, price of wheat was parameterized to arrive at 
the self-sufficiency production level. Lower adjustment of wheat price support 
caused readjustments in the whole sector. Land rents declined by 58 and 87 
percent for traditional and commercial farms, respectively. Land used for wheat 
was reallocated to other crops. The shadow price for capital decreased by 50 
percent for commercial farms and became zero for traditional farms where 
capital appeared as a slack variable. As wheat price declined, production of 
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wheat reduced and resources previously used for wheat were redirected toward 
other more profitable crops. 
The supply response function is not a supply function because prices of 
inputs and other outputs are not held constant. As discussed under the wheat 
price simulations, as the wheat support price was reduced, prices of other crops 
and resource prices changed. 
The wheat supply response function generated using the Saudi 
Agricultural Sector Model is shown in Figure 2. At the support price of SR2,000 
per metric ton, wheat production amounted to 2,289,995 metric tons. Gradual 
reductions in the wheat support price to SR1 ,400 per metric ton reduced the 
level of wheat production to 1.54 million metric ton or close to the level of self-
sufficiency. 
The arc elasticity of supply response is calculated by the following 
formula between the prices of SR2,000 and SR1 ,400: 
(Ou-01) * (Pu+PI) 
11 = (Pu-P!) (Ou+OI) 
The result is a supply response elasticity of 1.1. The interpretation of the 
supply response elasticity for wheat is that for a one percent increase 
(decrease) in the support price for wheat there is a 1.1 percent increase 
(decrease) in the supply of wheat. 
Welfare Analysis 
The welfare analysis is a useful technique, by which supply and demand 
relationships are used to determine the level and distribution of gains and 
losses among producers, consumers, and society from changes in economic 
-
-E 
Gl-
uo 
-o &;o 
T" 
a: 
(/) 
-
2.2~------------------------------------------------------------------~ 
2.0 
1.8 
1.6 
1.4 
1.2 
1.0;---~----~--~----~---T----~---T----~--~----~---T----~--~----4 
1000 1200 1400 1600 
Quantity 
(1000 m.t.) 
1800 2000 2200 
Figure 2: Supply Response for Wheat, Saudi Arabia, 1985. 
2400 
...... 
01 
m 
157 
policy. The technique is a useful tool for policymakers to provide them with 
information about who gains and who loses from any economic policy. 
Classical welfare analysis is suited to analyze equity (distribution) issues as 
well as economic efficiency (Tweeten 1989). 
Economic efficiency and equity are difficult tasks to attain simultaneously. 
Economic efficiency entails allocating resources to uses contributing the most to 
output. However, efficient allocation is not necessarily an equitable allocation. 
Markets can be in equilibrium with large sums of benefits absorbed by few 
' ' 
producers. On the other hand, economic efficiency and equity do not always 
conflict. 
Thus development plans and decision makers are always emphasizing 
both goals, efficiency and equity, together as the main strategic objectives. 
Saudi Arabia Development Plan objectives in the agricultural sector calls for 
efficiency and upgrading the rural welfare. 
The wheat price support is a significant policy instrument in the Saudi 
agriculture. To measure economic costs, benefits, and redistributions induced 
by this policy, classical welfare analysis is used to trace out who gains and who 
loses by lowering price support l~vels until the self-sufficiency level is achieved. 
The welfare analysis starts with the current wheat price policy of SR2000 per 
metric ton. It identifies producer surplus, consumer surplus, government cost 
and social cost. Then a gradual reduction in wheat price by decrements of 
SR200 per metric ton is traced out until the self-sufficiency level of about 1.5 
million ton of wheat is attained at SR1400 per metric ton. 
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Key indicators of the levels and distribution of gains and losses for 
alternative wheat price support levels are. presented in Table Llll. At the current 
price level of SR2000 per metric ton, total producer surplus amounted .to 
I 
SR8,660.23 million. Thirty-three percent of that amount is attributed to wheat 
production of ·sR2,866.70 million. The wheat producer surplus represents the 
value of land, labor, and capital used for the production of wheat by traditional 
and commercial farms, multiplied by their:shadow pri~es g~nerated by the Saudi 
Agricultural Sector ModeHn scenario 6.; Producer surplus attributed to other 
crops is the residual difference between total producer surplus and wheat 
producer surplus. 
Consumer surp.lus is obtained also from the Saudi A.gricultural Sector 
Model. It is the shadow prices of the convex combination constraints of all 
endogenously determined demands in the model. To ·account for the consumer 
surplus in fodder, a proxy vafue is determined for consumer surplus based on 
' . 
demand elasticity of -0.3 (same as barley demand elasticity) and the associated 
. . 
price and quantity of SR1300 per ton and 2781 thousand metric ton demanded 
by livestock. 
Government cost is illustrated in Figure 3 (A) and (B). In Figure 3 (A), 
government cost is represented by areasJ and.2. As illustrated in the graph, 
' . . 
support price P 5 of SR2000 generates production level q5 of 2;289,995 metric 
tons. Self-sufficiency quantity qe of 1 ,543, 19.9 metric ton is approached at price 
level P e of SR1400 per metric ton. The difference between production levels 
q5 - q9 Of 746,796 metric ton iS·the excess wheat and to be Stored Or exported. 
According to commodity balances reported in Table XXVII, 500,000 metric tons 
were stored in 1985. Further, the Saudi government has been donating wheat 
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TABLE Llll 
WELFARE ANALYSIS FOR ALTERNATIVE GOVERNMENT PRICE 
SUPPORT LEVELS ON WHEAT, 1985, SAUDI. ARABIA 
' > 
-
Wheat Support Price (SR1 000/m.t) 
2.!)0 1 .. 80 1.60 1.40 
Producer Surplus (SR million) 
Wheat 2,866.70 2,068.22 1,527.11 1,107.55 
Other Crops 5,793.53 5,538.10 5,000.88 4,639.98 
Total 8,660.23 7,606.32 6,5~7.99 5,747.53 
Consumer Surplus (SR million) 
Other Crops 11,490.23 12,030.21' 12,656.63 13,072.55 
Fodders 6,021.00 6,355.00 6,708.00 6,949.95 
Total 17,511.23 18,385.21 19,364;63 20,022.50 
Government Cost (SR million) 
1) Assuming zero opportunity 
cost for excess wheat 
(no export) 2,419.51 1,226.71' 4n.29 0.00 
Government cost to transfer SR1.00 
a: to wheat producers 1.38 1.28 1.13 0.00 
b: to all crop produc~rs 0.83 0.66 0.61 0.00 
Welfare Gain (Loss) (2,01-8.08) (1,005.21) ' (354.70) 0.00 
2) Assuming export value for 
excess wheat at 
' 
SR865 permt 1,n3.53 933.85 432.60 0.00 
Government cost to transfer SR1.00 
a: to wheat producers .. 1.01 0.97 1.03 0.00 
b: to all crop producers 0.61 0.50 0.55 0.00 
WeHare Gain (Loss) (1,372.10) (712.35) (310.00) 0.00 
Social Cost (6Consumer Surplus+ 6 Government Cost) (SR million) 
' ' ' ' 
1) Assuming zero opportunitY cost for · 
excess wheat (no export) 4,930.78 2,864.00 1,135.16 0.00 
Social cost to transfer SR1.00 
a: to wheat producers 2.80 2.98 2.71 0.00 
b: to all crop producers 1.69 1.54. 1.45 0.00 
2) Assuming export value for 
excess wheat at 
SR865 permt 4,284.80 2,571.14 1,090.47 0.00 
Social cost to transfer SR1.00 
a: to wheat producers 2.44 2.68 2.60 0.00 
b: to all crop producers 1.47 1.38 1.40 0.00 
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and other products for needy countries as food aid. Therefore, the difference 
between 1985 production and self-sufficiency is assigned no monetary value. 
Hence government cost under this assumption is areas 1 and 2 in Figure 3 (A). 
From Table Llll this amounts to SR2,419.51 million. 
Alternatively, the difference between the 1985 production level and self-
sufficiency is exported at the FOB price of SR865 per metric ton. This export 
price is reported in FAO documents for Saudi Arabia. Therefore the 
government cost is areas 1 and 2 in Figure 3 (8). This amounted to SR1 ,773.53 
million reflecting an export revenue of SR646 million. 
The government efficiency of transferring SR1.00 to producers, wheat 
and total crops, under the no export assumption is SR1.38 and SR0.83, 
respectively. Government efficiency of transferring SR1.00 under the export 
revenue assumption is SR1.01 and SR0.61, respectively, to wheat producers 
and producers to all crops. These values are obtained by dividing the 
respective government cost figures by the difference in producer surplus at 
current price policy of SR2000 and the self sufficiency level of SR1400 per 
metric ton. That is, SR2419.51 divided by (2866.7- 1107.55). The extent of 
government cost would be considerably more if input loans and subsidies were 
included. 
Welfare gain or loss under the two assumptions is reported in Table Llll. 
Under the no export assumption welfare loss amounted to SR2018.08 million in 
1985. This represents the gain to producers (8660.23 - 5747.53), the loss to 
consumers (17511.23 - 20022.5), and the cost to government (2,419.51 ). If 
Saudi Arabia wheat stock is exported at SR865 per metric ton then the welfare 
loss would reduce to SR1372.1 million. Welfare loss decreases as wheat 
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support price reduces. Welfare loss at the support price of SR1600 versus 
SR1400 is SR354.7 million at zero export value and SR31 0 million at FOB 
export price. 
Social cost (consumer surplus plus government cost) from the current 
wheat policy of SR2000 per metric ton amounts to SR4,930. 78 million and 
SR4,284.8 million under the no export and the export assumptions, 
respectively. These cost figures are obtained by adding government cost to the 
difference between current consumer surplus and the wheat self-sufficiency 
level for consumer surplus. The social cost to transfer SR1.00 to wheat 
producers and total crops producers under the no export assumption is SR2.80 
and SR1.69, respectively. If Saudi Arabia exported the excess production, then 
the social cost to transfer SR1.00 to wheat producers and total crop producers 
will reduce to SR2.44 and SR1.47, respectively. 
The welfare analysis results reported in Table Llll show that at the self-
sufficiency price level of SR1400, government cost, welfare loss, and social cost 
are zero hence there is no transfer costs to producers. Producer surplus is 
reduced to SR5,747.53 million and consumer surplus increases to 
SR20,022.50 million. Compared to the results with a wheat support price of 
SR2000, wheat prod4cers surplus reduces to SR1, 107.55 million. This amount 
is shared by traditional and commercial farms on a 30 percent and 70 percent 
basis, respectively (Tables Lll). In comparison to the producer level at the 
current price of SR2,000, producer surplus of SR2,866.70 million is shared by 
traditional and commercial farms on a 11 percent 'and 89 percent basis, 
respectively. The reduction of wheat price to the self-sufficiency level 
moderates the distributional share of producer surplus between traditional and 
commercial farms. 
CHAPTER VII 
SUMMARY, CONCLUSIONS, AND POLICY IMPLICATIONS 
Summary 
Problem Statement 
The agricultural sector in Saudi Arabia entered a period of dynamic 
growth in the early 1980's. A broad range of policies were used to pursue 
government goals including interest free loans, subsidies on inputs, and price 
supports for selected commodities such as wheat, barley, and dates. 
Saudi Arabia has chosen the self-sufficiency approach for food security 
rather than the path of food imports. Decision makers have realized the 
importance of developing a stable agricultural base for the country. The food 
import bill averaged $5 billion in the middle 1980's. Population increase, both 
national and guest labor, together with growth in income are among the major 
factors for increased food demand in Saudi Arabia. 
The four Five Year Development Plans (1970 - 1990) show government 
policy goals for the agricultural sector of (1) increasing farm output and hence 
lowering food import and (2) upgrading welfare of the rural population. 
The government has allocated massive resources to subsidize the 
agricultural sector. Part was in the form of infrastructure and research stations 
but direct payments to farmers amounted to SR57 billion (U.S. $ 15.4 billion) 
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between 1970-1988 (Table XI). These payments represent direct loans, 
subsidies, and wheat purchase program payments. 
The take-off stage in Saudi agricultural development took place in 1979 
when the government initiated a price support policy for wheat of $1000 per 
metric ton. The response by farmers, businessmen, and agricultural companies 
to this generous policy was substantial. 
The results have been a successful transformation of desert dunes to 
fertile fields. Wheat production increased from 150 thousand metric tons in 
1975 to 2.5 million tons in 1986 and is expected to reach 3 million tons in 1990. 
International experts forecast Saudi wheat output to reach 5 million tons in 
1995. The country reached self-sufficiency in wheat by 1985 of 1.5 million tons 
and an excess of one million tons has been available annually for export. The 
wheat price support policy was lowered in 1985 from $1 000 to $571 per metric 
ton. This policy change was accompanied by initiating a barley price support 
price of $265 per metric ton in 1986. Both policies were to encourage the 
production of barley by reallocating some land originally in wheat to that of 
barley. At the same time, the Kingdom has become self-sufficient or nearly so in 
eggs, chicken, milk, and dates. 
The remarkable achievements in Saudi agriculture have brought about 
new policy concerns including over production of wheat, depleting water 
resources, and imbalance between large and small farms. 
To investigate the impacts of the Saudi agricultural policies on the whole 
agricultural sector as a unit, a formal quantitative sector model is required. The 
need for formal modelling of the Saudi agricultural sector was realized in the 
Second Development Plan for 1975-1980. A decade later, the Fourth 
165 
Development Plan (1985 - 1990) reinforced the need for a formal framework to 
collect and update data on production costs, record prices of principal crops, 
and assess the different policy impacts on the farm sector. 
It is argued that large commercial farms dominate agricultural production 
and enjoy apparent economies of scale over small farms. Since incentives, 
namely wheat price support, are based on volume of production rather than on 
income, wheat price supports tend to benefit large farms over small farms. The 
Development Plans however stress the strategic goals of increasing the well 
being of traditional farmers. 
Objectives 
The overall objective of this study was to develop an economic 
framework to analyze the impact of different agricultural policies on the Saudi 
agricultural sector with reference to farm size. Specific objectives were to: (1) 
develop an agricultural sector model for policy analysis, reflecting the unique 
features of the Saudi agricultural sector; (2) estimate the economic and 
distributional impacts of reduced wheat price support on large versus small 
farms; and (3) evaluate alternative policies to improve the welfare of small 
farmers. 
Procedure 
Economic research should use the best methods available. Agricultural 
sector models provide measurements for economic policy analysis and have 
been developed for different purposes in developed as well as in developing 
countries. The notion of price endogenous sector models has been developed 
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based on the surplus maximization approach formalized by Samuelson (1952), 
Takayema and Judge (1964), and Dulay and Norton (1975). 
Hazell and Norton have combined the state of the art in the structure, 
validation, and policy applications of agricultural sector mathematical 
programming models. They have presented different types of sector models 
and their policy applications for different countries. 
The Saudi Agricultural Sector Model developed in this research follow 
closely the general guidelines of Hazell and Norton. However, it differs in 
certain areas where the Saudi model has to reflect the unique features and 
situations of Saudi agriculture. 
The basic structure of the Saudi Agricultural Sector Model includes an 
objective function, resource constraints, and commodity balances. Extensive 
use is made of demand segment variables, along with associated convex 
combination constraints. The production side of the Model includes two sub-
models representing small and large size farms. On the demand side, 
consumer behavior is regardeq as prices dependent, and thus market clearing 
commodity prices are endogenous to the model. 
The Saudi Agricultural Sector Model replicates the performance of the 
agricultural sector in 1985. The model simulates the impact of lowering wheat 
support price on farm income by farm size, resource prices, commodity prices, 
and production levels. Experiments show how the model can describe 
economic behavior of different farm sizes and how resources flow from less 
profitable to more profitable crops. Policy goals such as self-sufficiency in 
wheat and improved small farm income are not maximized directly with the 
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model, but instead, the model is used to simulate market behavior under 
alternative policy instrumental variables. 
The Saudi Agricultural Sector Model has undergone a detailed 
validation procedure. The validation results instill solid confidence in the 
Model's ability to simulate the impact of different policies. The model can be 
thus used as a decision making tool for future agricultural policy planning in the 
Kingdom. 
To simulate the impact of different policies on the Saudi agricultural 
sector, three policy .simulations for lowering wheat price support level were 
selected. The procedure was to reduce the wheat support price by SR200 per 
ton starting at the current price of SR2000 per metric ton and until the self-
sufficiency level of 1.5 million tons was achieved. The policy simulations are 
the following: 
Simulation 1: Wheat Support Price of SR1800 per metric ton. 
Simulation II: Wheat Support Price of SR1600 per metric ton. 
Simulation Ill: Wheat Support Price of SR1400 per metric ton. 
Results 
The results of the base model solution replicate the base year data 
closely. Resource prices, farm incomes, and commodity prices are very similar 
to the base year data (Table XLI). Validation results of scenario 6 with common 
balances for wheat and fodder and buy activities for fertilizer and other 
purchased inputs show a superior fit in terms of prices. The percentage 
absolute deviation (PAD) for prices is 1.25 percent. This means that the total 
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absolute deviation represents only 1.25 percent of total observed prices. 
Commodity production levels recorded under scenario 6 also show a very good 
fit reflected by a low value of PAD of 4.6 percent. 
Policy Simulation I with a reduction of the wheat price support by 1 0 
percent caused most factor prices to decline. All commodity prices and farm 
incomes declined. Resource use of fertilizer and other purchased inputs 
declined. The response in wheat production was significant. Total wheat 
production declined by about 18 percent as a result of a 1 0 percent reduction in 
wheat price. Prices of land and capital for both traditional and commercial 
farms decreased reflecting that these factors are less critical as the wheat price 
support is reduced. This is consistent with the Saudi government policy for 
expanding wheat production by increasing the wheat price support. Land and 
water development and machinery costs were heavily subsidized by the 
government thus reducing the constraints to producers for land and capital. 
Labor, however, shows opposite trends. Factor price for labor was the 
same for traditional farms but increased for commercial farms from 1 to 1.19 (a 
19 percent increase). Labor thus is a critical constraint for commercial farms. 
Incomes for large farms is very sensitive to any change in wheat price 
support. A ten percent reduction in wheat price caused a 16 percent reduction 
in income for large farms but only a 8 percent reduction in income for small 
farms. 
All commodity prices decreased as a result of 'the wheat ~upport price 
reduction. Land resources were reallocated from wheat to other crops. Apart 
from wheat, other crop production increased because of lower opportunity costs 
for land and capital, and hence those commodity prices declined. This is 
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consistent with economic theory, which suggests that when resource prices are 
lowered, supply functions will shift to the right and given constant commodity 
demand, commodity prices will decrease. 
In terms of activity levels, traditional farms are expanding in wheat, other 
grains, and vegetables. On the other hand, commercial farms are expanding 
into fodder, fruits, and dates. 
Policy Simulations II and Ill reduce further the wheat support price to 
SR1600 and SR1400 per metric ton, respectively. Results of the simulations 
are quite similar trendwise, therefore discussion addresses the last simulation. 
Reduction of wheat price by 30 percent from SR2000 to SR1400 per metric ton 
caused most factor prices to decline substantially. Commodity prices, farm 
incomes, resource use, and wheat production decreased. The opportunity cost 
of land and capital significantly decreases for both traditional and commercial 
farms. In fact, the shadow price on capital is reduced to zero for traditional 
farms reflecting an excess or unused supply. Because the model does not 
allow flow of capital out of the agricultural sector, the price of capital is reduced 
to zero. The assumption of this model is that capital can flow between activities 
within agriculture but not between agriculture and other industries. Labor price 
is slightly reduced for traditional farms but increases significantly for commercial 
farms. It increased from 1.00 to 1.54 (a 54 percent increase), reflecting a 
significant shortage of labor for the commercial farms. Again, labor is allowed to 
move between activities within a farm size category but not between farm size 
categories or into and out of agriculture. 
Reduction of wheat price support by 30 percent reduced large farm 
income by 44 percent, and less than half of this amount for traditional farms or 
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about 21 percent. This phenomenon can be analyzed in the other direction. A 
30 percent increase in wheat price support raises large farm income by 44 
percent, but only increases small farm income by 21 percent. This reflects the 
effects of price supports favoring large farm volume production. Small farms 
benefit more from direct income payments. 
Commodity prices decline with different magnitudes. This is because 
resources are shifted out of wheat into other crops. Fruits and some vegetable 
prices are reduced by half. This group includes citrus, other fruits, and onion, 
followed by other grains, wheat, and fodder. The other commodity prices are 
reduced by 10 percent or less as a reflection of 30 percent reduction in wheat 
prices. 
Reduced wheat support price by 30 percent reduced wheat production 
by 33 percent. The calculated supply response for wheat is 1.1. The wheat 
production level is reduced to 1 ,543,199 metric ton which represents the wheat 
self-sufficiency level for the Kingdom. 
Results of the welfare analysis showed that the producer surplus for 
wheat production is lowered from SR2866. 7 million to SR11 07.55 million as a 
result of wheat price support reduction to the self-sufficiency level. The original 
producer surplus of SR2866. 7 is shared by traditional and commercial wheat 
producers on the basis of 11 percent and 89 percent respectively. On the other 
hand, the producer surplus at the lower support price is shared more 
moderately by traditional and commercial wheat producers at 30 percent and 
70 percent, respectively. Consumer surplus increases from SR17,511.23 
million to SR20,022.90 as a result of reducing wheat price support to the self-
sufficiency level of SR1400. This is because all commodity prices are reduced 
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as a result of lower wheat price. Land and capital are shifted out of wheat and 
into other crops. Therefore, other crops production increases and prices 
decrease given a constant demand, and consumer surplus increases. 
The welfare gain of reducing wheat production to the self-sufficiency 
level is SR2018.08 million, given that the excess wheat of 1985 production is 
reserved as a buffer stock or donated as food aid. However, if the excess wheat 
is sold or valued at the international market price of SR865 per metric ton, then 
the welfare gain of reducing wheat price support to self-sufficiency level is 
SR1372.1 million. 
Social cost (change in consumer surplus + government cost) of the 
current wheat price support of SR2000 per metric ton is SR4930.78 given that 
the excess wheat is valued at a zero opportunity cost. This amount decreases 
to SR4284.4 million if the excess wheat is valued at an FOB price of SR865 per 
metric ton. 
Conclusions 
Agricultural development in Saudi Arabia is the result of a deliberate 
policy strategy to increase food production and improve rural welfare. The 
government has allocated massive resources to subsidize the agricultural 
sector. The results have been impressive. According to USDA sources, the 
annual compound growth rate of agricultural production in Saudi Arabia from 
1977-1986 was 16.9 percent, the highest level in the world. Not only wheat but 
other commodities have experienced dramatic increases in output and changes 
in the structure of production. The emergence of factory-style production units 
for poultry and eggs, large integrated meat and dairy farms, and greenhouses 
for vegetables over the last decade are part of the new agricultural era. 
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The wheat price support is a significant policy in the Kingdom. Thus it 
was selected as the policy to evaluate in the context of Saudi development 
objectives. The agricultural sector model approach made it possible to replicate 
the performance of Saudi agriculture in 1985 and to simulate the impact of 
reducing wheat price support to the self-sufficiency level of 1.5 million ton. The 
following conclusions can be drawn from this analysis. 
1. A ten percent reduction in wheat price support causes the whole 
agricultural sector to adjust. This reflects the importance of wheat price support 
policy in the country. Reduction of wheat price support by 10 percent causes 
reduction on most factor prices, all commodity prices, farm incomes, resource 
use, and wheat production. 
2. Large farm income is more se~sitive to change in wheat price support 
than small farm income. A 1 0 percent decrease in wheat support price reduces 
large farm income by 16 percent versus small farm income reduction of 8 
percent. Interpreted in the other direction, wheat price supports have increased 
large farm incomes substantially more than small farm incomes. 
3. Reduction of wheat price support to the self-sufficiency level has 
significant effects on agriculture. The wheat self-sufficiency level of 1.5 million 
tons can be attained at a price support level of SR1400 per metric ton. This 
implies a reduction of wheat price support by 30 percent. This substantially 
reduces factor prices, commodity prices, farm incomes, resource use, and 
wheat production. The opportunity cost of land and capital significantly 
decreases. In fact, the shadow price on capital is reduced to zero for traditional 
farms reflecting an excess supply. Part of the excess supply of capital could be 
moved out of agriculture into other sectors but part is in fixed supplies such as 
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irrigation facilities, machinery and equipment, and fruit and date palm orchards. 
Because the agricultural sector model does not allow movement of resources 
out of agriculture, then slack resources appear in different policy simulations. 
4. An interpretation of the relative shadow prices would indicate that farm 
incomes could be increased by a movement of labor from small farms to large 
farms or a movement of land from large farms to small farms. In both cases this 
should result in improved use of c~pital. With significant reductions in wheat 
support prices, there should be a significant softening of land prices thus 
allowing small farmers to expand their land bases and thus allow higher 
utilization of their labor and capital resources. With a reduction in wheat price 
support, however, large farms may tend to hire more labor from outside of 
agriculture to more intensely use their land and capital resources. This will tend 
to reduce the comparative advantage small farms have with their apparent large 
labor pool and decrease further small farm incomes. 
5. The welfare analysis shows that all agricultural producers benefit from 
the wheat price supports. However, consumers will gain by reducing wheat 
price support to the self-sufficiency level. Excluding government input 
subsidies, it costs government less than one SR to transfer one SR to 
agricultural producers through the wheat price support policy. However, when 
losses in consumer surpluses are included, it costs society SR1.40 to SR1.70 to 
transfer one SR to producers depending on the level of price support and the 
value attributed to excess wheat production. 
Policy Implications 
1. Wheat price support policy has expanded agricultural output in Saudi 
Arabia. Farmers have benefitted but at high government cost and still higher 
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social cost. In the absence of other policies, reducing wheat price supports will 
leave considerable excess capacity in agriculture, decrease farm incomes, and 
lower prices of other commodities thus somewhat benefiting consumers. Even 
though prices of other commodities (vegetables and fruits) will tend to decrease 
as resources are shifted out of wheat, Saudi Arabia will not in the near future 
become sufficiently competitive to export these commodities at a producer profit, 
particularly if input subsidies are also lowered or removed. However, Saudi 
Arabia is a major importer of feed grains an~ these feed grains are highly 
subsidized to poultry and ·livestock producers. It would seem logical for Saudi 
Arabia to utilize its excess capacity in wheat produc~ion to produce feed grains 
even if feed grain price supports replace wheat price supports. Most capital 
equipment is easily transferable from wheat production to feedgrain production. 
As resource productivities continue to increase in agriculture there will be need 
for fewer input subsidies including feed grain subsidies to poultry and livestock 
producers. This should tend to bring about more realistic relative prices 
between wheat, feed grains, and other.crops. 
2. Reducing wheat price supports should tend to reduce income 
disparities between large producers and small producers. In tight labor 
markets, small producers are more efficient utilizers of marginal land resources 
than are large producers. With a.competitive land market some rarge producers 
may be willing to sell land because of higher returns to capital invested in other 
sectors. Some small and intermediate size producers may be willing to buy 
land, particularly ~t zero real interest rat~s, and thus more fully employ their 
labor and capital resources. - " 
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Limitations of the Study 
Model building inevitably is contingent upon the limitations of data 
availability. Thus results, conclusions, and policy implications are limited by the 
accuracy of data and assumptions used. 
Limitations are experienced both in the quantity ~nd quality of data for the 
Saudi agricultural sector. According to the Third Development Plan published 
by the Ministry of Planning (MOP 1980), "the data base for agriculture remains 
inadequate, and all estimates must be taken as indicative rather than firm." AI-
Hamoudi proposed an agricultural information system framework developed at 
Michigan State University to fulfill the need for more accurate data in Saudi 
Arabia. The information system is composed of three subsystems, data, inquiry, 
and decision making. 
In this research, data were gathered from different sources, hence different 
sources have different definitions. Reconciliation of differences in data to arrive 
at what is thought to be logical and consistent estimates requires value 
judgement. A technical procedure (the RAS method) was used in some cases 
to force data to sum up to agricultural sector control totals. Labor intensity ratios 
for crops and livestock were borrowed from U.S. agricultural statistics. 
Production cost data were the most difficult pieces of information to obtain. 
There is, therefore, a need to continuously update farm level budgets by the 
Ministry of Agriculture and university research centers in Saudi Arabia. An 
enterprise Budget Generator similar to that developed at Oklahoma State 
University's Department of Agricultural Economics would be of great use to 
implement as part of the Saudi agricultural data base. 
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Assumptions in the Saudi Agricultural Sector Model are numerous. 
Capital is assumed fixed in the aggregate, but not across production activities. 
In other words, machinery and equipment can be used for different crops and 
not restricted to one type of crop. Resource movement out of agriculture is not 
allowed in this modelling effort. Therefore there was an excess supply of capital 
in some of the policy simulations. If resources were allowed to leave the 
agricultural sector to other industries the shadow price of capital may not have 
approached zero. 
The livestock subsector is assumed exogenous to the model. However, 
fodder and other grain activities were included in the Saudi Agricultural Sector 
Model with demand determined exogenously. The mode'lling effort for future 
research would be better off by integrating the crop sector with the livestock 
sector. 
Reg,ional disaggregation in this research was sacrificed in favor of a 
simpler model focusing on nation~! markets. Regional data on production costs 
were available but only for some, regions.' Future modeling would be improved 
by surveying farms in different regions of the country and establishing solid 
budgetary information on a regional basis. 
N,evertheless, the Saudi Agricultural' Sector Model in present form can be 
used to simulate the impact of different policies on the structure of agriculture 
and the distributional impacts of policy benefits. 
Further Research 
The results of the Saudi Agricultural Sector Model were ·useful in 
replicating the performance of the agricultural sector in the base year and in 
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simulating the impacts of reducing wheat price support to the self-sufficiency 
level. A future research agenda for the Saudi Agricultural Sector Model should 
focus on the following areas: 
1. Integration of the livestock sector with the crop sector. The Saudi 
Agricultural Sector Model assumed fodder demand as exogenous. It 
would be more appropriate to include livestock production and 
consumption activities, allowing fodder and other grains production to 
be utilized fully by livestock. Data shortage of the livestock input-
output coefficients, productivity, and prices need to be collected and 
integrated into the Saudi Agricultural Sector Model. 
2. Disaggregation of the Kingdom into the five 5 regions of Western, 
Central, Eastern, Northern, and Southern. By disaggregating the 
model to different regions comparative advantage of regions to 
produce certain commodities are readily identified. Therefore, 
agricultural policy planning can focus on regional specific policies 
and incentives. 
3. A more complete model of the Saudi economy emphasizing imports 
and exports and resource flows between agriculture and other 
sectors. Flow of resources between competing sectors would more 
realistically explain factor markets for labor and capital. Linkages 
between the agricultural sector and other sectors such as food 
processing and input markets such as fertilizers would give more 
insights to overall potential of agricultural 'development. 
4. Continuing change in the dynamic agricultural sector. A continuous 
chain of research pertaining to the changing conditions in the sector 
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is very important. The Ministry of Agriculture and Water, the Saudi 
Arabian Agricultural Bank, private and public agricultural companies, 
and agricultural colleges should expand and integrate research 
efforts for continuous improvements in growth and efficiency. 
Agricultural policy studies are of great importance for continuing 
development of the Saudi agricultural sector. An agricultural 
economic research center should be established in Saudi Arabia to 
implement research related to farm management, marketing, and 
agricultural policy analysis. The research center could be affiliated 
with the College of Agriculture, King Saud University in Riyadh in 
conjunction with a graduate program on agricultural management 
and policy analysis. 
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